Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



■ Google 



■ Google 



■ Google 



■ Google 



'-/I 



..Google 



■ Google 



-,,. Google 



-,,. Google 



jUrilbyGOOgIC 



■ Google 



PEOCEEDINGS 



THE EOYAL SOCIETY 



EDINBUEGH. 



NOVEMBER 1890 to JDLY 1891. 



EDIKBUEOH; 

PBINTED BY NEILL AHD COMPANY. 

■DOOOZCIL 



5,t7„ib,GoogIc 



■ Google 



CONTENTS. 



PAOB 

Electioii of Office-Beareraat the Genetal Slatatoiy Ueeting, M<niday, 
Not. 24, 1890, 1 

duurmau's Opeoing Addieee, ..... 2 

On the OccQiTence (rf Sulphur in Marine .Muda uid Nodolea, and 
ite bearing on theif Mode of Formation. By J. Y. Buchanan, 
F.ILa, 17 

On a Simple Pocket Dnst-Connter. B7 John Aitken, F.ILa 
(With ft Plate), ....... 39 

On the Action of Metallic (and other) Bolta on Carbonate of Lima 
67 Bobert Irvine, F.C.S., and W. S. Anderson, . . . S2 

Hanganete Depoaila in Marine Made. By Bobert Irvine, P.O.S., 
and John Gibeon, Ki.D., ...... S4 

On a Difference between ^le Diomal Banmetric Corvee at Green- 
wich and at Eew. By Alexander Bachau, LL.D., . . fi9 

Ban^raphic Record in the Vicinity of a Tornado. By John 
Anderson. Commonicatod by Dr Buchan, (With a Plate), . 62 

Note on Potaaaiiun Penolphate. By Hagh Itfarshall, D,3c, . 63 

On tlie Soaring of Birds : being a Commtmication from Mr R B. 
Fronde in continnatioii of the Extract &om a Letter by the late 
Mr WiUiam Konde to Sir William Thomatm, published in these 
" ProceedingB," March 19, 1888, 66 

On some hitherto anprored Tlieorems in. Determinants. By 
Thomas Moir, LL.D., ...... 73 

Equation of the Gliasetteof the Two-term Oral^+g;™!, and 
Cognate Carrea. By the Hon. Lord Mliaren, . .83 

The Influence of High Winds on the Barometer at the Ben Nevis 
Obeervalory. Bj Alexander Buchan, LLD., . . .88 

Electrolytic SyntheaiB of IKbade Acids. Alkyl Derivatives of 
Socdnic Acid. By ProfaBSor Cmm Brown and Dr James 
Walker, ........ 96 



359397 „,,,„n,GoogIc 



Proposed Extension of the Powers of Quaternion DifFerentiatdon. 
By Alexander M'Aulay, Ormond College, Melbourne. Com- 
manicated by Professor Tait, ..... 

On the Interaction of Longitudinal and Circular UagnetisationB in 
Iron and Nickel Wires. (Second Note.) By Frofesaor Caigill 
a. Knott, . . . 

On the Composition of Home Deep-Sea Deposits from &o Medi- 
tenanean. By J. Y. Buchanan, F.R.S., .... 

On the Temperature of the Salt and Fresh Water Iiochs of the . 
. West of Scotland, at Different Depths and Seasons, during the 
Yeara 1887 and 1888. ByJohn Murray, LL.D., PLD., 

On Silica and the Siliceous Bemains of Oi^nisms in Modem 
Seas. By John Mnnay, I1L.D., Ph.D., &c., and Robert Irvine, 
r.C.8., 

A New Method for the Estimating the Specific Gravity of the 
Blood. By John Berry Haycraft^ M.D., D.Sc, . . 

On the Estimation of Uric Acid in the Urine. A Beply to 
Criticisms npon the SiIvm- Method. By John Berry Hayeraft, 
M.D., D.Sc,, 

On a Method of Observing and Counting the Nnmber of Water 
Particles in a Fog. By John Aitken, F.B.S^, 

On an Optical Proof of the Existence of Suspended Matter in 
Fbmes. By Sir G. Q. Stokes, Bart, F.R.S. (In a letter to 
Prof eaor Tait), ....... 

Note on the Isothermals of Ethyl Oxide. By Profeseor Tait, 

Additional Ohaervations on the Development and Life-^ffistories of 
the Marine Food-Fishes, and the Diatrihntion of thetr Ova. By 
Professor W. C. M'Intoeh, F.R.S., .... 

A Case of Defective Endochondral Ossification in a Human Fcetns 
(so-called Cretinoid). By Johnson Symington, M.D., and Henry 
Alexis ThomMm,M.D. (With Three Plates), . 

On the Blood of the Invertebwta. By Dr A. R Grifflths, F.R.3.E., 
F.C.S.,&c, 

A New Ship for the Study of the Sea. By His Snene Hi^wa 
the Prince of Monaco, ...... 

The Electric Reebtance of Cobalt at High TeaperatureL By 
Professor Cargill G. Knott, D.Sc, F.E.SJL (With a Diagram), 

The Thermoelectric Positions of Cobalt and Bismuth, By Pro- 
fessor Cargill Q. Enott, D.Sc, F.&S.K, .... 



■ Google 



On the Effect of Longitudinal Magnetisation on the Interior 
Volume oF Iron and Nickel Tubes. Bj Proressor Cargill 0. 
Knott, D.Sc,F.R.S.E., 

On mme Relations between Magnetiem and Tvriat. Parts II., III. 
By Professor Cai^ G. Knott, D.Sc, F.R.S.K, . 

On the Gravimetric Composition of Water, A Preliminary Com- 
munication. By Professor W. Dittmar, F.B.3., . 

Investigation of the Action of Nicol's Polarising Eye-Piece. By 
Edward Sang, LL.D. (With a Plate), .... 

Note on Dr Sang's Paper. By Professor Ttiit, 

On the Extension of Brouncker's Method to the Comparison of 
several Magnitudes. By Edwaid Sang, LL.D., . 

Meetings of the Royal Society— Session 1890-91, . 

Donations to the Library, ...... 

Obituart NoncEB, ...... i-x 

Indbs, .... 



, Google 



■ Google 



PBOCEEDINGS 



ROYAL SOCIETY OF EDINBURGH. 

VOL. XTiit 1890-91. 

Tee 108th Session, 
general 8tatut0et meetino. 

Monday, 24tA NovenJxr 1890. 
The following Cotmcil wete elected : — 

PmidaO. 
8iK DOUOLAS HACLAOAir, ILD., F.B.aP.B. 
Vict-PntidtiiU. 
Th« Hon. Lord Haolaun, LL-D. j ProfMsor CBRTaTAL, LL.D. 
7.B.A.8. I THOMAS HriB, Esq., LL.D. 

B«T. PloftMOT AJVT, D.D. I 8irABTHURHlTCHBLL,K.C.E,LLD. 

A. FoKBU Ibvixb, Esq. of Dnun, LUD. 
OtntnU Secretary— Profenor Tait. 
Stertbtritt to Ordinary itttUrtgt. 



Tr«MHrer— Adak Giluzs Shitb, Esq., C.A. 

Ainitort/LJtnirvand JTuacKm— AuxAHDBRBtiOHAll, E«q., H.A., LLD. 

OrdiTiary llemhert rf Cbimal. 

The Bt Hon. Lord EiNOaBimciH, 

C.B., LL.D., F.B.B. 
John MrntiAY, Esq., LL.D. 
Alexander Bkdce, H.A., H.D. 



IT ISAAO R Baltocx, F.R.S, 

FrofMaor EwiMo, F.B.8. 

ProfesKT Jack, LL.D. 

ProfefNor Jamrh Qkikix, LL.D. 

ProfesBor V. H. PxBXiH, D.Se., 



Dr B. H. TiuguAiB, F.B.a 

Dr Btxom Bkaicwbll, F.RaP.E. 

ProfsfiMir COPBLAITD, ■ ■- 

Bo^aL for Sootland. 



His Oracb thb DUKE at ABOYLL, E.G., K.T., LL.D., D-CL, 

Thb Riqht Hon. LOBD MOHCBEIFF ofTnllieboIti, LUD. 

StB WILLIAM THOUSOIf, LL.D., D.C.L., F.B.S., Foreign A»oeut« of 

the lutittite of Fimnca. 
TOU xnii. SlflS/W A 



2 Proeeedingt of Boyai Society of SdirAv/rgh. fsms- 

Pbofessob Sm DOUGLAS MACLAGAN, Prudent, 

in the Chur. 

Obaiiman'B Opening Address. 

(Read December 1, 1S90.) 

My duty thja «Taniiig is to gira the VBotX lDtiodiict(»y AddzoBS 
at Uie opening of a new Session, this which conuuBncea this eveiiing 
being tbe Societr'B lOSth. 

Before doing eo, howerer, I moat try to diBburdra mjw^ of a 
-weight which has hnng heavy upon me for tbe last few days, and 
consists in the difficulty, which I find to be insupenhle, how to 
select adequate terms in whidi to expiws my sense of the honour 
which you have conferred upon me, in placing me in the position of 
your President. In my wildest dreams it never occurred to me 
that such an event was possible, till a short while ago when certun 
members of the Council hinted to me that such a step -was in 
contomfJation ; and I can assure you that it was not without con- 
aiderable hesitation that I acceded to the request that I should 
allow myself to be put in nomination. You will, I trust, believe 
me, when I say that this hesitation in no way aioee from any want 
of appreciation on my part of the greatness of tbe honour to be 
conferred on me. It was exactly the contrary. What I felt, and 
do feel, is not for myself but for the Boyal Society. I knew that 
my life has been Ubtle else than that of a piactitioner and teacher of 
medicine. However constantly I have watehed with interest the 
progress of Science in its various departments, my studies and any 
little work which I have done have been chiefly with the ol^ect cX 
keeping myself au courant du jour for tbe purpose of teaching ; and 
aa regards bar real work I have been to Science, in Hoiatian phrase, 
eulior parew et ii\frequena. I feared, therefore, that the Itoyal 
Society might suffer iu its prestige by its appearing to the outer 
world SB if it had no man of scientific repute to fill its Chair. I know, 
of course, that this is not the case, that there are men among yon 
who by their published works have made for themselves a reputa- 
tion that would have truly justified their elevation to the President- 
ship. It did not escape the notice of tbe Council, and it must 
have occurred bo all of you, that tbe man who stood out as the 
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wortbiMt gttcceaeof to Sir William ThooisoD waa Qtu iiidBfatigabl« 
Qeneral Secretary. 

Bat PiofeBBoi Tait, witti tliai appetite for work whioli doas aot 
know the maaniag of utie^, thought that he could be of more use 
to the Society in his preaeat office than in the mora dignified 
poaiticKi ot yooT JPraeideot, and thoa be sacrificed thai diatinotion, 
which migtt be a Intimate ol^eot of ambitjon to wif man, f oi the 
genenl good ctf tu alL The Fallowa of the Society will not fall 
to appieciata this act of aelf-saorifice on his part ; and will not for 
a moment fancy that I have laaa aenae of the honooi I now enjoy, 
because Fiofeesor Tait had not seen fit to accept of it 

Our learned Vioe-Praaident, Lord U'Laren, who in Joly last 
occupied this Chair at the dosing meeting of the preceding SessioD, 
•dverted to the loea the Society had suatained aince the commence- 
ment of the SeasioD, by the removal by death of ten of ita Ordinary, 
and one of ita Honoraiy, Fellows ; and he mentioned in tiie ooae of 
several of them a few of the incidents in their leapeclare careers by 
which th^ had made tJiemselves honourably known. Since that 
address waa delivered eight more of our Ordinary Fellowa have 
died, and I with to be allowed now Imefiy to aay a few words 
regarding each of them. 

Dr Jahss Stabk, who joined the Boyal Sooie^in 1S50, waa bom 
in Edinburgh in 1811. He was the son of Mr John Stark, Printer, 
also a Fellow, and a zealous cultivator of N^atural History. Jamea 
Stark studied for the medical profeasion at the University of 
Edinburgh, and took the degree of M.D. in 1833. Hia Tliesia on 
that occaaion was on the way in which the colours of subatancea 
affected the abeorplion by them of odours to which they were exposed. 
Sis experiments led him to the conclusion that odoura were most 
madily absorbed by dark surfaces ; and he conjectured that perhaps 
contagions emanatioaa followed a similar law, which led him to the 
•omewhat wide induction that the established dreaa of the phyaician, 
the " coatomary euits of solemn black," w^« the worst adapted for 
hia profession. 

Dr Jamea Stark is most to be remembeied aa a pioneer in Scot- 
land in the cultivation of that important and fundamental brandi 
of Sanitary Science, Vital Statistics. In 1864, shortly after the 
office of the Begietrar-Cl«neial for Scotland was establiahed, he 
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was appointed to be Saperiutendent of Statistics ; and, in fact, he 
organieed that valuable departmest of the public service. He 
wrote nracb upon the subject of YiUi. Statistica 

In 1846 he gave an inteiestang lepoit on the mortality of Edin- 
burgh and Leith; and in 1847 published an inquiry into the 
sanitary state of Edinburgh, and the rate of its mortality since 
1780 ; and in 1851 be published bis Vital StatisticB of Scotland. 
He was also a contributor to the Transaetume of the Boyal Society. 
No doubt his writings are now very much superaeded by the subse- 
quent works of Hoch authors as Earre, Simon, Newsholme, and many 
others, but it behooves us not to forget one who led the way iit our 
country, when Sanitary Science bad not attained its present develop- 
ment and ita atrong interest for the public mind. 

Ecclesiastically be was a warm and thorough adherent of the late 
Bev. Dr Bobert Lee, and was an elder in Old Grey&iars Church. 

From long-continued and depressing bad health Z)r Stark retired 
from official duty in 1873. He thereafter lived quite in retirement, 
and died at Nairn on 2nd July 1890. 

The Rev. Jahes GaiNi, D.D, died at Edinburgh on 28th July 
last, in the nmety-first year of his age. Dr Grant waa long a notable 
personality in Edinburgh. He was a son of the manse, having been 
bom in January 1800 at Portmoak in EJnroee-ehire, of which parish 
his father was ministcx. The elder Dr Grant was afterwards one of 
the clergy of St Andrew's Church, Edinburgh, and was Moderator 
of the General Assembly in 1809. James Grant rsceived hie earlier 
education in the school of hia native parish. He waa afterwards a 
pupil of the High School of Edinburgh, subsequently went to the 
University, and having passed through the Arts curriculum entered 
the Divini^ Hall, and in due time was licensed. He was, in those 
days of patronage, appointed in 1824 to the first charge of South 
Leith, he being then only twenty-four years of age. In this charge 
he remained till 1843, when he was appointed to the parish of St 
Mary's in Edinburgh, andtherehe remained till he resigned in 1671. 
He was perhaps hardly what could he called a popular preacher in 
the usual acceptation of that expression, but his services were always 
listened to with much acceptance, because his sermons, like every- 
thing which he wrote or spoke, ware characterised by great elegance 
of diction and oleamees of utterance. So man in Edinburgh could 
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excel, and few eqoal, Dr Grant in the often troublesome task of 
pTopoeing or replyii^ to a toast, and consequently he was often 
called on to perform sncli duties. A notable instance of this lives 
in the memoi; of the present writer. It was on the occasion of a 
dinner to Professor Syme, when, in the unexpected absence of some- 
one who had undertaken the duty, Dr Grant was abruptly called on 
to propose the toast of the Boyal Infirmary, which he did in such 
appropriate and el^nt terms that his was decidedly voted to be 
the speech of the evening. 

Besides being an earnest parish minister, and a zealous promoter 
of education and of all measuiea for improving the condition of the 
poor, Dr Giant took a prominent part, and had great inflnence, in 
the Councils of the Church of Scotland. Though always ready to 
co-operate in matteis of philanthropy with the hrethien of other 
denominatiDns, his strong ecclesiastical conservatism led him to 
become a powerful opponent of those of whose Church politics he 
did not approve. In the stormy predismption times, which culmin- 
ated in the great secession of 1843, Dt Grant was generally tc be 
found in the front of the battle. He sympathised with the Ficsby- 
teiy of Strathbogie, who set at defiance the injimctions of the General 
Assembly, and was along with others put under discipline ; hut the 
chief result of this was his leceiving an address from the Town 
Council of Leith, which was signed by many, it is said by thousands, 
of members of the Church of Scotland, approving of his action. 
That he retained the esteem of the Church was evidenced in 1851 
when he received, as his father had in 1809, the highest ecclesiastical 
distinction which could he conferred on him, in his elevation to the 
Modeiatorehip of the General Assembly. 

Dr Grant received the degree of D.D. from the Presbytery of 
Gla^ow, and in the year of his Moderatorship Oxford bestowed on 
him the disMnctios of D.CL. 

Dr Grant became a Fellow of the Boyal Socle^ in 18M. He 
is to be reckoned as having belonged to the class of literary Fellows, 
but he was for long a regular attender at the meetings when scien- 
tific subjects were under discussion ; and when from his advanced 
age it became unsuitable for him to go out in the evening, he even 
during his last year made his appearance at the Extraordinary 
Meetings which took place in the afternoon. 
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Dt Grant held namerous sppoiDtmenta of a clerical natam He 
was a member of the Ecclesiastical Commieaion of Edinburgh, and 
waa ita Churman up to kbont eix montha before hia death. He 
i#ae in 1841 appointed Chaplain to the Highland Society, and 
retained that ofBce to the last He vaa an HonoTaiy Member of 
the Harreian Society of Edinburgh, and vaa its Chaplain for fifty- 
five yeaie, having been appointed in 1844. In 1886, at the 106th 
Feetiral, the Society revived the title of Poniifex Maximus, which 
had been in abeyance aince the time of Dr Grant's predeceBSor the 
Rev. Dr Moodie, and conferred it on ita venerable Chaplain, who 
had bnt rarely miaeed h meeting during his long Incumbency. I>^ 
Grant was a genial man, though with a dry manner, and was much 
respected and esteemed by all who knew hinL 

By the death of Dr Jufss Matthewb Dcwoan, British Medicine, 
especially in the departments of Obstetrics and Gynascolugy, lost 
one of its foremost men, and a blank has been left in the ranks of 
the profession which will not easily be filled up. 

Dr Matthews Duncan was bom in Aberdeen in 1826, and in that 
city he received hia early as well as his academic education. He 
graduated there as M.A. in 1843, and in 1846 he took the degree of 
M.D. He subsequently studied Medicine in Edinburgh, bestowing 
special attention on the subject of Midwifery; and thereafter he 
went to Paris in pursuit of further knowledge in his own special 
department. He was for some time a private assistant to Sir 
James Tonng Simpson, but unhappily a quarrel arose between these 
two diatinguished men, which led to their alienation. Duncan there- 
after settled in practice in Edinburgh, becoming a Fellow of the 
Boyal College of Phyaiciana in 1861, and two years afterwarda he 
commenced to deliver lectures on Midwifery and the Diseaaes of 
Women and Children, which, although at first kept in the shade by 
the renown and name of Simpson, soon began to ahow enough of 
brilliancy to attract an earnest though not large class of students. 
His reputation among his professional brethren, and subsequently 
with the public, led to hia acquiring a large and important practice ; 
and on the illness and subsequent death of Bimpson, he unqaes- 
tionably atood at the head of the Obetotric Pbyeiciane of Edin- 
ba^h. This nnturally led, when Simpson died, to the general 
belief ^t he would succeed him in his chair : but the fact of 
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hia haring quarrelled iritb Simpson faad a beav^, and in many 
TOspectfl u^joBt, effect on bis prospects, and he was not appointed. 
His failurt^ hovever, had no discouraging effect upon him, and ha 
went on bravely and with eTer-incieosiiig sDccess with his practice 
and hia teaching. 

In 1677 he was offered and accepted the appointment of Teacher 
of Midwifsiy in, and Obstetric Fhyaician to, Bt Bartholomew'a 
Hospital, and he accordingly removed to London, to the widespread, 
we may aay universal, r^ret of Ms brethren not only in Edinbtugh 
but thiDnghout Scotland. The reputation which led to his call to 
London was foanded, and that justly, on the nnnber, piactical 
valae, and, above all, the scientific character of his writings. 
If nmerona honours were beetowed npon him. He became a Fdlow 
of the Boyal College of FhysiciaDS of London ; a Fellow of the Royal 
Soeietiefl of London and Edinburgh; LL.D. of Edinbnigh and 
Cambridge ; and an Honorary M.D. of the University of Dublin. 
In London he soon acquired a very large practice, having guned 
the confidence and esteem of the profession and the public in the 
English, as he had done in the Scottish, mettopolie. 

Duncan's writings were numeroas and important, and all partook 
of that scientific character which was apparent in all that be did, 
both as an author and practitioner. Many of them were purely 
practical, and chiefly concern those who are engaged in the some 
line of practice. Beyond this large circle he is best known by bis 
Treatieea on Fecundity, Fertility, and Sterility, which have an 
intereet not only to the practitioner but to the statistician and 
political economist 

What was the source of Matthews Duncan's marked professional 
success T It was the genninenees of bis character, personal and 
professional Assuredly it was from so blandishments in his 
bearing or demeanour, for though a perfect gentleman in the 
truest sense of the word, he was, as the Countess of Bouaillon 
says in "All's well that ends weU," "an unseason'd couitier." 
There was a certain dryness and abraptness in his manner which 
at first repelled some people, but a abort knowledge of him, whether 
as patient or casual acquaintance, showed that under this somewhat 
dry shell there was a soft kernel of kindness and true courtesy 
which mode him trusted, relied on, and beloved. It was all founded 
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on his genuine Bterling vorth, bo that he fully merited tlie encomium 
of the aforeaaid Conntess : — " Hia skill was almost as great as liia 
honesty, and had it stretched bo far, would have made Ifature 
immortal, and death should have play for lack of work," 

Duncan had a naturally robust conatitutloa, but it was observed 
by his friends for some months before his death that his health 
was seiioosly impaired, and a general feeling was entertained that 
his unwearied devotion to work was at the root of this. He 
abandoned teaching and professional duty, and went for a short 
and thorough rest to Belgium, and subsequently to Baden-Baden, 
where he had a seTere attack of angina pectoris, from which how- 
ever he rallied, and had made arrangemente for his ratum home 
when he died suddenly on 1st September last He left behind him 
his amiable lady, and a fomily of five sons and four daughters. 

Jamea Matthews Duncan will long be Tememb^nd by his pro- 
fessional brethren, and those who benefited by his skill, as a tme- 
hearted friend and adviser, an unobtrusively pious Chriatian, and a 
genuine sample of that honest man who ia the noblest work of Grod. 

David Milhb Hohx of Milue-Oraden was bom in 1806. His 
father was Admiral Sir David Mitae, his brother being Admiral of 
the Fleet Sir Alexander Milne. He assumed the sumame of Home 
on bia maniage in 1832 with Miss Home of Paxton, in Berwickshire. 
He devoted himself to the study of Law, entered the Faculty of 
Advocates in 18S6, and at the time of hia death was the second 
oldest member of that laoined body. In 1844 he was Senior 
Advocate- Depute, but did not continue to practise at the bar after he 
succeeded to the family estates. He betook himself to country life, 
but did not confine himself to the management and eiijoyment of 
his property, bat devoted himself to Science, for which he had 
manifested a strong inclination from his boyhood, He became a 
Fellow of the Boyal Society of Edmburgh in 1828, and was for a 
long time a Yice-Preetdent and active member of the CounciL He 
was Vice-President of the Royal Scottiah Geographical Society, the 
Meteorological Society of Scotland, and the Geological Society of 
Scotland, of which he waa elected Freaident in 1871, This office 
he held at the period of his death. In 1870 the University of 
Edinburgh, in consideration of hie scientifio attainments, conferred 
on him the degree of LL,D. 
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Hii faTonrito departimiits of Soiencs were Meteomlogy and mon 
eBpecially Geology, tor altbongli his fint pabtished paper was an 
Msay on Comets, it is by his geological writings that he is beet 
known. Oar Tratuactions bear abundant Qvidence of his activity 
and industry aa a geologist In the 14th Tolume is to be found a 
aeries at papers " On the Mid-Lothian and East Lothian Coalfields," 
which attracted much attention at the time; and in tiiat same 
Tolnme there are two other papers, one on the " Depletion or Drying- 
np of the Bivera Teviot, Nith, and Clyde," the other on "Two Storms 
which Swept over the British Islands," both of which erents occuned 
in N^ovember 1838. In &e 16th volume of ouiTranwictftons appeared 
an account of the "Geology of Bozburghshire ; " and in the 1 6th 
volume a paper " On the Faiallel Boads of Lochaber," which is doubly 
inteteating as bong of a controvenial natnie, hia ant^onist being 
so redoubtable a scientific warrior aa Charles Darwin, who, however, 
witii the courteey of a trae knight, eubeeqoently acknowledged him- 
self to have been worated in the encounter. 

To the 25th volume of the Trangaelwna, published in 1869, Uilne 
Home Gontribnl«d a paper "On the Origin of the Boulder Clay." 
This subject had always a special interest for him, and a goodly 
boulder anywhere excited in him an enthnaiasm which neither 
advanced age nor failing health could check. He was appointed by 
the Society Convener of the Boulder Committee which was estab- 
liahed in 1871 ; and under his supervision the Committee published 
ten valuable Reports, which are contained in the Society's Proceed- 
inga. These are only port of Mr Milne Home's contributions to 
Sdence. He was the author of many other papers both within and 
without the domain of Geology, and of two books, one on the 
"Estuary of the Firth of Forth and Adjoining Districts viewed 
Geologically," and the other on " Andent Water-lines." 

Mr Milne Home bad within the last two years a sereiv and pt»- 
tiacted iUness, which carried him off on the 19tb September 1890. 
He leaves us au admirable example of what may be done for Science 
by a country gentleman possessed of means and leisure, but animated 
by the laudable ambition to extend the knowledge of his fellow- 

The Hon. Lord Lkb (Robbbt Lkb) was born iu 1830, and was a. 
son of the Bev. John Lee, D.D., Priudpal of the TJuivendty of 



10 Proceeding! of Royal Soeietg of Bdivburgh. [bhb. 

Edinbuigli. Ko devoted HmMlf to the stndy of Law, and booame 
R Member of theFacnll? of Advocates in 1863, He bad a fair, bat 
not what ia t^arded as a large, practice at the Bar ; but he was 
noted for his earnest devotion to hia duties both aa BarriBter and 
eabsequently aa a Judge. He was made an Advooate-Depute in 
1867, and held that ofBoe till he was appointed Sheriff of Stilling 
and Dombarton in 1876, from which he was transferred to the 
more importtmt Sherififabip of Perthahire. He was for many years 
Procurator of the Church of Scotland, and performed the duties of 
that legal office with much aarneatneaa and general acceptance. Ha 
was raised to the Bench in 1880. He formed hia opiulons slowly, 
dehberately, and conacientioualj, and was very tenacious of them 
when once formed, his firmnesa in this reapect being by some 
cynical people called obstinacy. Hia leading characteristics were his 
eamestnesB of purpose, and his unwearied patience. He became a 
Fellow of the Boyal Society in 1872, but did not take any apecial 
part in its proceedings. In private life he waa much eateemed, and 
had a considerable fund of gentiine hnmour. Robert Lee was for a 
longtime in delicate health, Buffering for manyyeats from bronchial 
asthma. He had been enjoying in Ireland a holiday, which he 
had intended extending to St Andrews, but a sharp inflammatory 
attack came on, and proved fatal on Ilth October 1890. He left 
a widow, daughter of the late Dr Borthwiok of Edinburgh, and a 
family of three sons and three danghtera. 

Mr David Grikvi was educated at the Univeraity of Edinbui^h, 
and became a solicitor-at-law. He enbsequantly entered HM, 
Customs, and was collector at Banff, Great Grimsby, and Dover. 
He took much interest in Natural Science, particularly in Geology 
and Antbropology. He made a large collection of fossils. He was 
several times President of the Boyal Physical Society, and was elected 
a Fellow of this Society in 1672. He died in June of last year. 

Ab Medical Science sustained a great loas in Matthews Duncan, eo 
did Classical Literature in the pereon of Professor Wiujau Yodns 
SBLI.AB. There was a considerable paralleliem between the two men 
in tbeii earnest devotion to work, in tiieir clearness of judgment, 
and, above all, in thur contempt for everything that was not in 
accordance with the highest ethical standards. 

Fiofesior Sellai was the eon of the late Mr Patrick Sallar, and was 
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born at Morridi, in Satherlnndshire, in 1820. From liia earliest 
jura he was a claBsiBal scholar. His earUer education was got at 
the Edinbuigli Academy under Aichdeaoon WilliamB. He went 
to Olaagow Univeisity at the eaily age of fourteen, carrying with 
him from the Aoademy bo mnoh of claasical lore oe to lead him to 
go at once into the Senior TTniveialt^ Claasee, whence he came forth 
with highest honoars in Greek and Latin, and maoh distinction in 
(ha other claBsw, He was elected to a scholaiahip at Balliol College, 
Oxford, in 1843. In 1617 he obtained flrBt'olau honours in Literw 
hvmanhivg, and in 1860 was nude a Fellow of OrieL He hod for 
ooatemporariee a ImUiant asMmhlage of men more or less connected 
with Scotland, two of them, Shairp and Gtsnt, eohseqiienUy becoming 
Principals of Scottish UniTereities. After acting as Assistant to 
the Professor of Homanit)' in Glasgow, and to the Professor of Greek 
in St Andrews, he was in 1669 elected to the Greek Chair in the 
latter ITnivetsity, and bom this he was tianaferred to the lAtin 
Chair in Edinburgh in 1863. Honoars flowed in open him. Hs 
receiTed the d^ree of LI«D. both from St Andrews and DubliD, 
and Was admitted to the membership of the Athensam Club, 
without ballot, "as being of distinguished eminence in literature." 
Though his first pablished writing was on article on Thncydides, 
which appeared in the Oxford £aaayB, the works by which he is beat 
known, and for wbioh be is ererywhere appreciated, were in con- 
neotion with Latin literatnre. His volnmee on the " Roman Poets of 
the Repnblto," and the " Boman Foete of the Angostan Age," hold 
a foremost place in modem claasical literature, have passed through 
seTetal editions, and are valDed by all sebolon, British and Con- 
tinental. His teaching as a professor, though his minute soholaisbip 
was profound, was characterised by great breadth ; and he imparted 
to his students a large share of that with which be was bimaelf 
imboed, the insight which the stndy of the Koman poets gives into 
the political, social, and moral characteristics of the Romans. 

He had been working for some time at a new volume of the 
Soman poets, which would embrace studies of Horace, Ovid, 
Propertins, Tibullus, and Martial, and which a few weeks more of 
WOTk would have completed. But unhappily this was not to be, for 
ao nnezpected attack of hepatic disease proved fatal to him at his 
country residence in Kirkcudbrightshire on 12tb October. It is to 
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be hoped that a Tolume so fax advanced ma; see the light, as it wOl 
aasutedly give to the world another btilliflnt picture of Boman life, 
though wanting the finishing touches of the master. 

B; the death of Sellar classical literature has sustained a severe 
lose, the Univeteity of Edinburgh has a. Chair vacant, which he had 
ably fiUed for twenty-aeveu years, and hia colleagues and all who 
knew him have to mourn their bereavement of a genial friend and 
accomplished gentleman. 

Mr Alsxabdks Yule Fbabbb was bom near Perth. He was edn- 
cated at the TTniveraity of Aberdeen, where he distfugaished himself 
specially in the departments of Mathematics and Physics, though 
he did not neglect the other subjects of the Arts conrse. 

After graduating with first-class honours in Mathematics and 
Physics, he was appointed second mathematical master in George 
Watson's College, Edinburgh. When George Heriol'e Hospital waa 
opened as a day-school, Mr Fraser was entrusted with the charge 
of the Mathematical and Physical Departments ; and it is not too 
much to say that not a little of the success of this school is dae 
to the energy with which he threw himself into the work of his 
departmenL He spared no pains in providing for the due equipment 
of the Physical Laboratory, and in preparing courses of Practical 
Geometiy and Experimental Physics suitable for boys. Just a 
little over a year ago, Mr Fraser was appointed Headmaster of Allan 
Glen's Institution, Glasgow, one of the most important technical 
schools in the country ; and it was hoped that he would now have 
an opportunity of displaying to the full his special qualifications for 
a post of this nature. But he hod been at work little more than 
two months when he was attecked with pleurisy and threatened 
consumption, and felt compelled to tender his resignation. The 
governors of the school, however, were so much impressed witii the 
value of his work that they declined to accept his resignation, and 
granted him instead nine months' leave of absence, in the hope 
that a change of climate, and a complete rest for this period, would 
restore him to health. In search of health Mr Fraser visited South 
Africa, where he resided for several months. About three months 
ago he returned to this country, and resuiued his duties at the 
beginning of the present Sessioa He soon found, however, that 
hia health was again giving way, and he had to resign his position 
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fioall}. He had made ap his mind to letam to South Africa with 
the purpose of redding there peimaneatly, when he caoght a chiU, 
which led to ocate inflammation ; and to this he sacciunbed on the 
9th of November last, at the early age of thir^-thiee. 

One of the objects that abeorbed a Tsry large amoont of Mr 
Frasei's attention during the last eight yeais of hia life was the 
Edinhui^h Mathematical Society. This Society ma^ be said to owe 
its existence mainly to him. The idea of starting sach a Society 
originated with him ; and as its Secretary dnring the first four or five 
years of its existence, he bad all the tronhle connected with the 
arraagementa necessary to put such an iustitutaon upon a firm 
basis. This Society is now in its 9th Session, has about 160 
members, and publishes a volume of Proceedings annually. Mr 
Fiaser hss made contributiona to nearly every volume of the 
Proeeedings. A sntgect that interested him from the time of his 
stnduit days was the history of the controversy on the foundations 
of the Differential Calculus. Till within three weeks of his death 
he had hoped to be able to give on addiees to the Mathematical 
Society on this subject at themeetingheldon thel4thof November. 
It is still hoped that it may be possible to pnt the notes he left 
on this subject into a form that will prove useful. Mr Fraser also 
contributed several articles to the edition of CttanAen^t Encyclopeedia 
which is now being issued. The mathematicians that interested 
him most were De Morgan and Cliflbid. Of Clifford's book On 
the Conamm Saue of the Exact Sdenees, he wrote a review which 
appeared in the pages of the Academy. In poetry Ur Fraser had a 
groat fondness for the works of Matthew Arnold. 

Ur Fraser was remarkable, among other things, for the activity of 
his intellect, an inteUect that could never he idle ; and for the 
energy with which he devoted himself to any work he undertook. 
His friends always fonnd a talk with him to have a stimulating 
effect, and many vrill find in the future want of this stimulus a loss 
which it will not he easy to make good. 

I had intended to have said a few words to the Society, chiefiy 
by way of contrast, tegBtding the various distinguished men who 
have occupied this Chair since its foundation in 1783, but I have 
already too much tried yonr patience, and have exceeded the time 
which I bad assigned to myself for the delivery of this address. 
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I wiBb to allude to only two of the previons Pieadeata of the 
Society. 

I need not Bay that when I mention th« name of Sir Walter 
Scott^ I am not preflumptuoufi enough to make any lemads about 
Itim at any time or anywW^ bat especially here, and on Scottish 
ground. I merely desire to state to you an iateraating citcumatanee 
which ia peritaps new to most of yon, and which does not appear 
in that interaatiDg Journal which has been bo ably edited and pnb- 
li^ed by Ur David Douglas of thia city. It is that the Council 
has recently made a valuable addition to the Societf'e collectioo of 
manuscripte by seoaring a holograph letter of Sir Walter's, jn 
which he tenders his resignation of the FreBidency of the Society. 
It appears that in the latter part of the year 1830, Sir Walter, 
with the view of residing constantly at Abbotsf(«d, contemplated 
renouncing all associations which would detain him in Edinhu^fa. 
In a letter to bia friend, Mr James Skene, dated Abbotaford, 18th 
September 1630, he says ■.ttt- 

" It is time to think what ia to be done about the Hoyal Society, 
as the time of my retirement draws nigh, <aid I am detarmined at 
whatever loss not to dmg out the last sands of my life in that 
aand oart of a place the Parliament House. This is, however, a 
Bubjeci for future consideration, as I have not breathed a syllable 
about rengniag the Chair to anyone, but it must eoon follow aa 
matter t£ coarse." 

On the 18th of the following month he wrote the letter to which 
I have referred as having now come into the possesaiou of the 
Society. It is as follows : — 

" I have the honour to acquaint yon for the informatioa of the 
Boyat Sodety, its Council, and Members, that being oonacioua of the 
entire want of that scientific knowledge which would be the meet 
fit qualification for eupportingl the honour of their body, I have 
hitherto endeavoured to ehow my sense <£ the distinguisbBd honour 
of President to which their pleasure has raised me by i^ular atten- 
dance upon the meetings of the Society and duties of the of&ca. 
As I am now retind &om Edinburgh to live almost entirely at this 
place, which must necessarily prevent my discharging the efBcient 
duty of President of the Society, and prevent almost entirely my 
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praaent attendaocfl, I think it due to the Bojal Society to leugn 
the high honoor which they have confened on ma with heaitCalt 
thanks and beat wishes for the pToeperity of the Inatitation 

" I remain with sincere regard, 



" Yonr moat obedient Servant^ 

" Waltkb Soott." 



"AMOnrOBn, ISt& Odoter ISSO." 



" John RoUion, Eaq., SeoraUiy to thi 
" Boysl Sooietf of Ediubiugb. " 



This letter was submitted to the Council at a meeting held on the 
8th of November 1 830. The following ia the minute regarding it : — 

"Bead a letter from Sir Waltot Scott intimating bis intention of 
residing in the coontry, and proposing on that account that he 
shonld cease to hold the office of Pieeident of the Society. 

"The Council having considered his letter were unanimously of 
opinion, that althou^ they could not under the circumstances hope 
to have the benefit of Sir Walter Scott's frequent presence amongst 
them, yet that it was vtaj desirable for the interests and reputation 
of the Society &a,t he should still continue at thetr head. The 
meeting therefore instmcted the Secretary to write on their behalf 
to Sir Walter Scott, and to loquest that he would again permit 
them to propose his name as on former occasions of election." 

In consequence of his rengnation not being accepted, Sir Walter 
gootinaed to be Prwident till his death. 

The other President whom I desire to name is the distinguished 
gentleman who has been my immediate predeoeBS(». Of Sir William 
Thomson, who held the poet of President for the foil term of five 
years (1873-1878), and who has now, at his own request, been per- 
mitted to letite before the completion of a second term of office, it 
is perhaps sufficient to say that he leaves oni Chair only in order 
that he may be enabled to assume &s correaponding post in the 
Boyal Society, London. 

Bis position ii practically unique, for, while second to none in 
the njiks of pure Science, he is absolutely without a concnirent in 
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the technical applications of eome oi ile most recondite principles. 
The grondeet works of the engineer are nsaally based on yery eimple 
scientific elemente, and his skill is shown mainly in new and bold 
combinations of familiar properties. Thomson has done much 
splendid work in this direction also — witness his galranometen 
and electrometers, his siphon-recorder, and his harmonic analjeer. 
Bat it will never be forgotten that it was he who so applied the 
profonnd analysis of Fonrier as to render rapid signalling possible 
bhrongh a submarine cable — thus making ocean telegraphy a mer- 
cantile success — BO that we owe to him one of the grandest safe- 
guards of onr empire, our practically inBtantaneoiis commnnication 
with onr moat distant and isolated cohaiiee. 

Yon have already at your election meeting expressed and recorded 
yonr thanks to Sir William Thomson for his condnct as our President. 
Ton will, I am snre, with unanimity and cordiality, express your 
wishes for his comfort and snccess in the sphere of distinction and 
duty to which he has been called. 

Three Frizee were awarded dining the past Session. 

The GuKNiNO YicroRiA Jubilee Prize for 1887-90 was preeented 
to ProfesBCff Ttut for his work in connection with the " Challenger 
Expedition," and his other researches in Physical Science, Hia 
contribntions to Physical Science are too numerous for me to 
enumeiate ; but in reference to his " Challenger " work I may call 
attention to the ingenuity with which he has determined the 
physical properties of sea water, such as compressibility, thermal 
expansivity, and its temperature of manimnm density for any given 
pressure. He has also included in hie investigation the compree- 
sibilities of glass. 

The Keith Prize for 1887-89 was presented to Professor Letts 
for his researches into the " Organic Compounds of PhoBphoros." 
The work was difficult, and the results are of great importance. 
The special interest of the investigations depends on the remarkable 
similarilieB, and equally remarkable diesimilarities, shown by the 
corresponding componnda of phosphorus, nitrogen, and sulphur. 
These researches have been published in onr Trtm&aelione, 

The Nbill Prize for 1886-89 was presented to Mr Robert Eidston 
for his " Beseaiches in Fossil Botany." He has devoted himself to the 
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atady of Fal»opbytolagy, and haa aought to determine the affinities 
of paloozoic geneia and species with those of exiating forms. With 
this view he has described the fractification of a nnmber of corboni- 
forons ferns and If copods. Ke has compared the plant remains of 
seveial British coalfields with each other, and with those of the 
coalfielda of other countries. The most important results of his 
investigations have appeared in onr Transactions. 



On the Ocourrenoe of Sulphur in Marine MncUi and 
Nodnlea, and its bearing on their Mode of Forma- 
tion. B7 J. Y. Baobanac, Esq., F.E.S. 
(Bead Deoembtr 1, ISM.) 
In the first section of the cruise of the " Challenger," that from 
Tenerife to Sombrero, the exist«nce was established of deep-sea 
muds, perfectly free from carbonate of lime, consisting mainly of 
Bilicates mixed with ochreoua material, principally hydrated oxides 
of iron and manganese, and of local concentrations of these materials 
in the form of nodulea and of coatings or incrustations on dead 
calcaieone matter. The qualitative composition of these conoentra- 
tione was carefully determined, and it was partfeuUrlj noted that 
whether in the form of nodules 01 of inimistations they wore aggre- 
gations of the general materials of the bottom, and not concretions 
or coatings of pure hydrous oxides. 

On the section between Bermuda and the Azores some very 
Bugj^tive specimens were got from the bottom on 27th June 1873, 
when the ship dredged in 1675 fathoms in lat 38° 16' N., long. 34° 
48' W. A nnmber of light-colonred concretions were brought up 
which were much perforated by wonn-holea, the walls of which 
were all stained blackish brown. The substance of the concretions 
consisted of carbonate of lime and silicates, and the black lining 
of the holes was peroxide of manganese. The various specimens 
obtained on this occasion showsd the deposition of oxide of man- 
ganese in various stages, &om those which showed only specks or 
stains to those containing a considerable percentage.* The most 
temaikable fact, however, was the dose aaaociation of the oxide of 
manganese, especially at its first appearance, with the work of 
* Th*y are described fn my Tsporl^ Proc, Soy. Soc., 187S, voL xiIt'. p. 60S. 
VOL. mn. 81/12/90 B 
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ftnoelidg, and this produced a etroDg coDviction that the occuircmce 
of peroxide of maugauese at the bottom of the sea depended in 
Bome way oi other on the organic life existing there. 

After this comparatively little mangaiieee was met with, untij, on 
approaching the south coast of Anetralia, a large haul was obtained 
from a depth of 2600 fathoms in lat. 42° 42' S., long. 134° 10' R 
and throughout the whole of the Pacific, when the trawl was pnt 
over in water anfficiently deep and sufficiently far from land, it 
rarely failed to collect abandance of manganese nodules, of all shapes 
and sizes, and snnounding all kinds of nuclei. Concretions also 
were obtained ftom time to time, lecalling those of the North 
Atlantic above referred to. Thna, on the plateau of the Kermadec 
lalands, lai^e lamps of a tufaceous sandstone were brought up, 
which were much perforated by aerpalar borings, and these were 
lined with peroxide of manganese. At the first station after leaving 
Japan, and on the landward side of the deep gully which rons 
parallel with the islands, a large haul was obtained, chiefly of pumic^ 
tuff, and volcanic mud concretionH. These were much perforated 
by worms, and the holes were lined with black oxide of manganese. 
One concretion, a portion of which is on the table, was broken 
open in the plane of one of the worm-holes, and the worm was 
found dead in it.* On another portion a dead worm was found 
adhering, and on removing it a black stain was found below it 
consisting of peroxide of manganese. The connection of the 
peroxide of manganese with the life of these animals was vary 
marked in this case, and continued to occupy my attention from 
time to time, though without arriving at any satisfactory solution, 
during the cruise. It must not be forgotten that an invariable 
feature of the nodules was that they gave off abundance of alkaline 
and empyreumatic-smelling water on being heated, which served 
further to connect them with the organic world. 

After the return of the "Challenger" I did a good deal of 
dredging in the summers of eeveral years (1677-1882) in the seas 
on the west coast of Scotland, and on the 21st September 1878 I 
brought np from the deepest parte of Loch Fyne (104 fathoms) a 
quantity of sandy mud, with large quantities of dead pecten sheila, 
and along with them true manganese nodules, with all the outward 
* The body of this worm was taated and found free from minganne. 
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cluncteristioB of tbose from the greatest depths of the open ocean; 
and this eunilaiit; was maintained on chemical examination. The 
diedging anchor must on this occasion hare been dropped in the 
very richest part of the deposit ; for the mad, which had nndeigone 
no concentrating process, was found, on being snbmitted to mechani- 
cal SDalysis, to consist of rather over 30 per cenl of nodules.* This 
was a very ramarkable discovery ; for although peroxide of manganese 
was not wanting in the shallower drodgings of the " Challenger," it 
existed only as coatings and similar deposits and not as nodules, 
which were believed bo be dependent for their formation on the 
conditions obtaining in very deep water. After this particular 
attention was paid to the occurrence of manganese in all dredgings, 
and it waa found to be abundant all round our coasts as a coating 
on shells, and more especially as the binding and colouring matter 
of worm tubes ; hut no nodules were anywhere found except in the 
deep part of Loch Fyne. Some years afterwards Mr Murray found 
them in great abundance on the Skelmorlie Bank in the Firth of 
Clyde in 10 fathoms. 

In the same summer of 1876 I made a number of observations in 
the channel off the north-east part of the Island of Arran, where the 
water reaches a depth of 90 fathoms. A galvanised iron bucket was 
used as dredge, with a weight attached behind, and one before it ; 
BO that its action was rather to skim the surface than to dig into 
the lower Layers of the bottom. It brought up a quantity of a very 
fine red mud, in which manganese grains coold be detected, not 
apparently differing from those found in oceanic red clays. In the 
process of levigation, when the mud was stirred up with water and 
the light flooculent portion pound off, the heavier portion which 
had settled to the bottom of the vessel had the appearance of having 
been cast into elongated pellets. When these were stirred np again 
with water they were partially broken up into flocculent matter, 
which was poured ofT, leaving again pellets as before; and this could 
be continued until the whole of tbe mud had been washed away as 
floccoli, produced by the brea&iDg np of these pellets In the case 
of the particular mud under description, hardly anything in the 
shape of sand or coarser material remained behind. The ground- 
fauna, chiefly ophinrids, seemed to be abondant ; and the pellets 
• Nahire, 187B, vol. xviii p. 628. 



,. Google 



20 Proceedings of Royal Society of Edinburgh. [aisa. 

above described were Uie caste excreted by these creatnree, which 
eabaist on what nDtriment they can pick up by trituiating and 
pSBEing the Band or mad throng their bodies. In some of these 
ftTiimwli the trituiating apparatus takes formidable proportions, ae 
in sea-urchins ; and it is probable that the sand found at low water 
owes its state of comminution laigely to these animala and to worms, 
Buch as the ordinary lob-wonn used for bait. When examining 
deep-sea days in the "Challenger" I bad obseired the pellet 
formation, without, however, being able to refer it to any probable 
cause. 14'ow, however, it became probable that the same causes are 
at work in deep as in shallow seas, and that the matter forming 
the bottom of Uie eea is being continually passed and repassed 
through the bodies of the numerous tribes of animals which 
demonstrably subsist on the mud and its contents. 

In the following season, 1679, 1 made an extended cruise through 
the greater part of the waters of the west coast of Scotland, visiting 
most of the deeper spots, and paying particular attention to the 
occurrence of coprohtic mouldings of the mud. Thus, on 16th 
June 1879, dredging in the deep part of the Sound of Baasay in 
165 fathoms,* "a little mod came up. It was a fine gray clay, 
which effervesced with adds and smelled of K^S. On washing a 
quantity of it there remained the coproUtio masses and very little 
fine sand. There appeared to be a good deal of carbonate in a v^ 
fine state of division. There were very few shell particles visible, 
and the effervescence of what looked like fiocculent clay was not incon- 
siderable." At the time I explained this fiocculent carbonate as 
having been produced out of the silicates of the mud by the ground 
animals forming sulphide of calcium, which was transformed into 
carbonate by the carbonic acid of the water. On the followit^ 
day anotiier haul was got in the same locality and with similar 
results; it is noted that — " Sticking to the outside of the bag were 
many legs of ophiurida, which will account for the coproHtes." 
When attention had once been paid to it, the coprolitic moulding 
of the mud, when of a suitable consistency, was found to be 
practically univeraal round oui shoieB.t 

* From deck-book of Steam Yacht " M&Uud," IS79. 

t Later, in the year 18S0, when in ehu;ge of the eipeditdon to survey the Qnlf 
of Oainaa in the Bt«snuhip " Boccaneei," I foimd the aame thing pncticslly 
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Shore mnds, that ia, the terrigenoas depoaits which are fonnd 
all along the ehoiea of continents, and even at great depths — generally 
present the characteristic appearance of a reddish surface layer, 
overlying a bluish Bubatratum. This characteristic is observed in 
deposits even far out at sea, and, where it ia not masked by targe 
amounts of calcoreons matter, is evidently due to the oxidation of the 
bloish ferrous salts, on their coming in contact with the sea water, 
which always contains dissolved oxygen. i 

A very remarkable example of a blue clay — for it was too 
tenaciouB to be called a mud — was obtained in the Sonnd of Jura, 
■ad it was particularly noticeable for the amount of sulphides 
which it contained, and instructive by their complete disappearance 
on drying. It is worthy of mora particnlar mention. 

On 6th July 1879 the anchor dredge was put over in the Sonnd 
of Jura, where a depth of 120 fathoms was marked on the chart It 
did cot hold, and the yacht drifted, dragging it over the ground in 
a northerly direction before the wind and tide. Suddenly it 
hooked the ground, and brought the vessel up with a great strain 
on the cable. In heaving up it was with difBcnlty that the anchor 
was broken out of the ground ; and when it waa brought to the 
surface the bag was full of a fine, unctuous, very tenacious blue 
clay, with some of the reddish-brown surface mud covering it. 
There were a few pieces of broken ahell and rock, also smooth and 
rounded pebbles, which seemed to occur principally in the part 
aepaiating the surface mud from the blue clay, but there was very 
httle of this kind of matter. The whole bagful, weighing more than 

DDiTeml all along the AFrii»ii eoMt, tiai devolnped in a most lemsrkable manner 
on the coait flat within a contiderebU radios of the month of the river Congo. 
Hen it wm neceasarj to introdnce a new designation for muds, and in this 
dittriot ths most frequent entrin in the deck-book as to the nature of the 
bottom are "cop. m.," meaning coprolttic mnd. These so-called cfiprolitei 
were almost jet block and of the size of mice droppings, and they were covered 
with the same enbetance in flocculent focin, or were free from it, according t^i 
the suour of the tide in the locality. It waa beat doTeloped in comparatively 
ihallow water, and more eepecially in a depth of 50 fathoms, when the large ash 
hncket, to the nee of which as a dredge I found it convenient to revert, came 
up fall of these coprolites, without any flocculent matter whatever. All along 
the coast the mnd of the locality was moulded ia a similar way, though it was 
not so striking. When the coarse of the cruise took oa across the open ocean to 
AscenaioD, and theaoe north wards, we were able to trace the transition of the more 
earthy shore coprolites into the more mineralised and glanconitic pelagic onee. 
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1 cwt, coDaiated Eilmost entirely of homogeueouB bine clay of a 
tenscitj eimilar to the clay dug for brickmaking, and quite different 
from ordinary "blue mud&" Theolay was rather foul-smelliDg, and 
gave ofi abundance of solphnretted hydrogen when treated with 
hydrochloric acid. It was so tenacious that it was impossible to 
break it up in water for the purpose of levigation, which is always 
very easily accomplished with ordinary muds. A considerable por* 
tiou of it was dried and taken for analysis. It was found that, as soon 
as dry, not a trace of sulphide was to be found ; but the mass of the 
clay was permeated with fine particles of oxide of iron, each of which 
repmsented a pnrious particle of solphide. A specimen of this clay 
is on the table. The contrast between the freeb moist clay, which 
was thoroughly impregnated with sulphides, and the dried clay, 
without a trace of them, was rery striking.* 

The fact then had been demonstrated that the mud is being con- 
tinoalty passed and repassed through the bodies of animals in- 
habiting the bottom of the sea. In doing so the mineral mattra of 
which it consists comes in contact with the organic secretions of the 
animals, mixed with sea water, and is gronnd up along with them in 
the milling organs of the animals. 

The Reducing Action of organic matter on snlphates has long been 
known, and its importance as an agent in geological metamorphosis 
was thoroughly recognised by Biechof.f 

The effect of Trituration in promoting the chemical decomposition 
of silicates by water was demonstrated by Daubr^e,| more par- 
ticularly in the case of Felspar. I found the obBervationa to bold 
good also for Augite. Clear cryetala of this mineral from the 
Tristan da Gunha group, when pulverised with water in an agate 
mortar, rendered the water alkaline to turmeric paper. 

It is evident therefore that at the bottom of the sea a number of 
conditions occur together, which are favourable to the production 
of chemical change. The ground animals, in the search of food, 
pass the mud through their bodies, grinding it up, and bringing it 

* A coadeused account of my Tiews of the part pUyed by tbs sulphates of 
ths ua w&ter in tha productian of the ochreooa depoaita on the bottom of the 
oceui, snd of ths carbonate of lime of tbe shells of the Mollueca, ia published 
in \hii SeporU of m BritUh AanxiiUUm {Yoik), 18S1, p. 681. 

t Biaobof, Lehrbuch dtr Cliemitehen v/nd PhyaSctilUdKn Otologic (ISflS], L 
31, 36S. t Daubre«, Qtologit Ea^erimeniale, L 288. 
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thorooghlj into contact at tha moment of comminatioQ with the 
sea water and the digeative secretions of the animal. Tke action of 
these secretions on the sulphates in the sea water is to produce 
sulphides, and the actions of the snlphiiles on the ochreous 
matter of the bottom is to produce snlphides of iron and 
manganese. Even if the bottom were covered with felspathic 
or angitio eand, the sulphides, acting on these sUicates in the 
moment of partial decomposition, would convert the ochreous 
oxides by degrees into sulphides. That the volcanic material, larct, 
dust, scoriee, pumice, which forms the bulk of the unaltered material 
of the bottom of the ocean, is so dealt with bj the animals, ia 
evident from the specimen from the Pacific on the table, which is 
not a singular specimen, but rather a typical one. 

Having extracted what nutriment they can from the mud, the 
animals reject it, coutaining a certain proportion of snlphides of 
iron and manganese. Theae salphides, it is well known, are exceed- 
ingly unstable in presence of water and oxygen, and if they come 
to lie on the surface of the mud, where they are exposed to the 
action of the sea water, which always contains dissolved oxygen, 
they must be quickly tranafonned into oxides. In the oxidation 
of ferrous sulphide by thia proceaa there ia alwaya aeparation of 
free sulphur, which, however, is to a great extent further oxidised; 
bnt it is probable that some would persist. If then the process 
just described represents at all what takes place iu nature, we 
should eipect to find in the ochreous deposits (the hydrous oxides 
of iron and manganeae) some relics of their connection with the 
organic world. These are not wanting. All the deep-sea muds and 
manganese concretions, of every diversity of form, gave without 
exception, when freshly collected and heat«d in a tube over the 
lamp, a large quantity of ammoniacal water. It was important to 
see if sulphur conld be detected. And here it is well to bear in 
mind that in the case of a " blue mud," which may contain unaltered 
sulphide, the anlphnr found in the dried sample will come at least 
in part from that sulphide, and will be due to the oxidation by the 
atmosphere in the proceaa of drying. In the case of an oceanic 
" red clay " or maDganese nodule, where no blue matter is present, 
any enlphnr which ia fonnd may be properly ascribed to oxidation 
oa the bottom of the sea. 
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Acting OQ these conaideratioiiB, id the winter of 1S60-81, a 
Dumber of muds and nodules were examined with a view to the 
detection, and if poaaible the eetimatioD, of free sulphur. 

Eitimation of Stdphur in Muds. 

A certain quantity of the clay, dried at about 80°, was pnt into a 
bottle with a known weight of chloroform. The stopper was tied 
down, and it was then pat into a water-bath for about an hour at 
about the temperature of boiling chloroform (61* C). It was then 
allowed to cool, filtered into a weighed fractionating flask, and 
washed twice with a little more chloroform. The chloroform was 
then distilled off, and the reeidue heated slightly and weighed. 

The reeidue was treated with hot nitric aod hydrochloric acids, 
dilated, and filtered if necessary, barium chloride solution added, 
allowed to stand, filtered, and the precipitate of barium sulphate 
weighed. 

In the first few samples the barium sulphate was not weighed, 
but the quantity of sulphur judged by the amount of barium sul- 
phate precipitated. 

At first hiaolphide of carbon was used, bat it was departed from, 
because, although perfectly pure, and leaving no trace of sulphur on 
evaporation, it was thought that it would be well to use a solvent not 
containing any sulphur. A portion of the blue clay from the Sound 
of Jura, which when fresh contains mach sulphide, was in the 
dried state tested with both solvents, with the following results. 
If, Treatment wiih Bisulphide of Carbon. — A quantity of the clay 
was pounded and dried at about 80°. 50-00 grammes were put into 
a bottle with 2361) grammes of bisolphide of carbon, and allowed 
to stand all night. A weighed portion of the carbon bisulphide was 
then taken out and put into a weighed fiask, and the carbon 
bisulphide distilled ofi, and the residue we^hed. 0*28 par cent, of 
solphur was found in this way. 

The sulphur dissolved completely in a small quantity of bisul- 
pbide. ffext day another portion of carbon bisulphide was taken 
out and put into a weighed flask, distilled, and the residue weighed. 
This gave 0'33 per cent, of sulphur. 

The bisulphide was tested to see whether it contained any free 
snlphur; it turned out to be very nearly pure. 
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Treatment with Chlarofarm. — Another 50'00 grammes of clay 
were treated witli 1836 grammes of chloroform. The mixtnre vas 
heated for an hour on the water-bath at sbont the temperatuie of 
boiling chloroform (61* C). A portion of the chloroform was then 
taken oat, evaporated, and the reaidne weighed. This gave 0'39 
per cent, of enlphur. 

There was very little oil present in the reeidne, which was nearly 
pure aulphtir. 

In the first ten samples the BaSO^ was not weighed, but the reeidne 
was always oxidised and the presence of sulphni proved by the 
formation of aulphnrio acid. When sulphnr was found constantly 
and in appreciable quantity, I then decided to weigh it, the opera- 
tion being, from an analytical point of view, an advantageous one^ 
as the sulphate of barinm weighed weighs seven times more than 
the sulphur to be estimated. By far the largest amount of sulphur 
is contained in the clay from the Sound of Jura, which, in its fresh 
state, contained large quantities of sulphides, which were completely 
osidised on drying. The 0*197 grammes of residue may be taken 
to be pure sulphur, which makes about 0'4 per cent By far the 
greater part, if not the whole, of this sulphur was formed by oxida- 
tion during drying. Had it been possible to collect and examine 
separately the teddish-brown surface layer, we should, no doubt, have 
found very much less sulphur, but it would have been mainly dne 
to oxidation by the oxygen of the bottom water. 

The " oil," which is extracted from all the muds along with 
the sulphur, and which varies a good deal in quantity, is dne to 
the animal debris intimately mixed with the mud and with the 
materials of the nodules, which ai« mode up, for the most part, of 
the materials of the bottom. 

Noe. 2 and 3. — The manganese nodules of the 12th July 1875, 
from the North Pacific, in lat. 37* 62' N., long leO" 17' W., came 
from a depth of 3740 fathoms, where they appear to have been 
exceptionally abundant. Those of the 16th September 1875 came 
from a locality where they were equally abundant The water was 
a little shallower, being 2350 fathoms, in lat. 13° 28' S., long. 149° 
30* W. In both the samples of these nodules examined, the weight 
of the residue is considerable, but as there was a little oil in both 
cases it is not possible to giv9 the percentage of sulphnr. 



,. Google 



18S0-91.] Mr J, T. BuchaDaD on Shdphur in Marine Muds. 27 

No. 4. — The mnd from the Sound of Raasay, oS the west coast of 
Boss-ahire, was dredged from 150 fathoms, and coneisted of very fine 
soft grey mad, which on washing left a large residue of coprolitio 
pelleta 

No. 6 is a similar mud ftom Locb Dnich, also in Boss-shire ; it 
barbonied many annelids. 

No. 6 is from the station in Loch Fyne, whete, for the first time, 
manganese nodoles were obtained in comparatively shallow water. 
It is a sandy clay with many dead sheila. 

No. 7 ie the red clay from 90 fathoms in the Firth of Clyde, off 
the north-east part of the Island of Attbd, which has already been 
leferred to. It is a very fine red ocbraous mud, mnch lesemhling 
the oceanic clays. On washing, it is fonnd to be almost com- 
pletely moulded into coprolitic pellets, and supports an abundant 
ground &nna. Like oceanic clays, on careful washing, grains of 
peroxide of manganese can be isolated, and it contains over 1 per 
cent, of phosphoric acid. 

No. 8 is rod clay from lat. 18° 66' N., long. 69° 36' W., depth 
2975 fathoms, in the western basin of the North Atlantic 

No. 9 ia a coating of peroxide of manganese from an oceanic 
concretion, but the locaUty has been omitted to be noted. 

No. 10 is mnd from 115 fathoms in the channel between the 
Island of Seaiba and the Garvelloch Islands, about twenty miles 
S.W. of Oban. Peroxide of manganese is very abundant here as 
a coating on dead shells. 

No. 1 1 is from the upper basin of Loch Fyue, in 60 fathoms. 
The mnd here contains a remarkably large amount of snlphur. The 
upper basin of a sea loch is, aa regards many of its conditions, and 
notably as r^^ards the nature of the mud at its bottom, in a state 
intermediate between that of the open sea and that of a fresh-water 
lake. The mineral constituents are usually in a lower state of 
oxidation than outside; and this is accompanied by, and partly 
due to, the relatively large amount of vegetable debris from the 
land, All these circnmstances may retard the disappearance of the 
snlphur. 

Koa 12 and 13 are globigerina oozes from the Pacific and the 
Atlantic respectively, their particular locality not noted. 

No. H is from the same locality as No. 10. 
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'So. 15 is from a podtion noith-eost of the Maud of Rum, m 
147 fathoniB, soft grey mud. 

So. 16 IB a blue mud, from 2060 fathoms in the Celebes 8eL 

No. 17 is a glancouitic mad from the east coast of Australia, in 
ilO fathoms, lat 34° 13' S., long. 161* 38' E. 

So. 18 is a diatomaceous mad from the Antaiotio Ocean, in 19(^0 
fathoms, lat 63' 55' S., long. 148° 35' K 

So. 19 is a red clay diedged on the 13th March 1874, in 2600 
fathoms, lat. 43* 43' S., long. 134° 10' E. Along with the mad a 
lai^e quantity of manganese nodnlee was brought ap. 

No. 20 is a radiotarian ooze from the North Pacific, lat. 12° 40* 
N., long. 162° r W., depth 2900 fathoms. 

Nob. 21 and 22 are again samples of globigarina ooze from the 
Atlantic and the Pacific respectively. These samplaa differ from 
No8. 12 and 13 inasmuch aa the Pacific sample now contains more 
sulphur than the Atlantic one. 

No. 23 is the insoluble lesidue left after treating a nodule from 
the same locality aa No. 2 with hydrochloric acid and ferrous 
chloride. The difference is very remarkable. In No. 2 the 
sulphur was not determined — that is, the barium sulphate produced 
by its oxidation was not weighed ; hut it was one of these samples 
which showed that the amount present was so appreciable tbst it was 
worth while determining it as aocorately as possible, so that it is 
cetttun that it must have contained at least an aven^ amount. In 
the case of the natural nodule (No. 2) the weight of chloroform 
lesidae per 100 gramtnes substance was 29 milligiammes ; in 
the case of the extracted nodule No. 23 it is 2 milligrammes, and 
the weight of sulphate of barium is put down aa 1 decimilli- 
gramme. In fact, the sulphur in the nodule had disappeared under 
the treatment. 

No. 24 is from Loch Fyne, in 87 fathoms, opposite Otter House, 
and a little further up the loch than the station No. 6, but both of 
them in the outer loch, as opposed to No. 11, which is in the 
upper and semi-enclosed haein. The contrast between No. 24 and 
No. 11 IB remarkable, In the upper basin the amount of the 
chloroform residue per 100 grms. substance was 74 milligmw., 
and 10 millignns. of it was Bulphur. In the outer loch there 
were only 17 millignns. of residue and 1 milligrm. solphnr. 
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So. 25 ia a very remarkable white clay from the bottom of 
Loch THeaB, and therefore a fiesh-water formation. It occora in a 
small aiea opposite Urquhart Caatle, and in various depths, often 
covered by a thin layer of peaty substance ; hut in some places, in 
depths of abont 30 fathoms, the eoundJng-tube brings np the white 
clay alone. It was obeerred also in Loch Oich. It is chemically 
quite distinct from the marine clays, being mnch more acid. The 
amount of matter extracted by chloroform is enormous, being 374 
milligrms. per 100 grms., most of which ie oil or wax, but con- 
taining 4 milligrms. of osidisable snlphur. It is not impossible 
that in this case the snlphur may exist as an organic compound ; 
and the amount of oily matter in the clay is interesting in the 
indication which it gives of the possible mode of formation of our 
oil-bearing shales. 

Sa. 26 is from the anchorage of Isle Oronsay in the Sound of 
Sleat. 

Na 27 is from a depth of 87 fathoms off Garroch Head, in the 
Firth of Clyde. Both in this case and in that of So. 26 the 
amounts of residue and of sulphur ore insignificant. 

Sulphur was thus detected in all these samples and determined 
in the greater nnmber of them. Patting aside shallow water coast 
mads, the largest amounts of sulphur are found in the Celebes Sea 
(Na 16), in the Dlatomaceoos ooze of the Antarctic (No. 18), and 
in the Radiolarian ooze of the Pacific (So. 20). So far, therefore, 
as it goes, we have the evidence of the sulphur in favour of former 
organic agency. It is worthy of remark that the property of giving 
off alkaline water on heating has in the course of years disappeared, 
and in its place the nodnles on being heated give off acid vapours, 
which, it is true, contain some ammouia, but along with an 
excess of nitric acid, which is without doobt due to the grsdual 
oxidation of the nitrc^nous matter. It is possible that the finely 
divided sulphur may diminish and finally disappear in the same way. 
Bat in 1881, there was still enough to be easily determined. Let 
us consider the chemical reactions more closely. 

When a mud containing fertons sulphide is treated with dilute 
hydrochloric acid, the sulphide dissolves with evolution of sulphuT' 
etted hydrogen, so long as there is no substance present which has 
a decomposing action on the sulphuretted hydrogen If thete be 
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feme salt either mixed with the mnd or in the Bolalioii, then it is 
ledaced to feirouB salt, with the destrnction of the equivalent 
amount of K^B and separation of smlphnr. If the ferric salt be in 
excese, no sulphuretted bydic^n maikee its appearance at all. The 
reaction is very simple— 

FeS + 2HCl =reClj +HaS 

and HjS + Fe^Clo = 2FeCla + 2HC1 + S 

. -. by addition FeS + FejClo = SFeClj, + S 

because the 2HCI appears on both sides of the equation, and is in 
fact unnecessary. A traee of free acid ia no donbt necessary, and 
it is turned over and over again in the reaction of indefinite 
quantities of FeS on Fe^Cl^ after the manner of a catalytic action. 

The same reaction takes place if we use ferric sulphate in place 
of ferric chloride. 

It is evident, therefore, that if we have a sample of mud contain- 
ing sulphide, and we mix it thoroughly with a solution of FogClg 
or Feg(SO^)„ we shall have in the ferric salt reduced a measure of 
the decomposable sulphide present The ferroos salt can be readily 
determined by permanganate of potash or otherwise. It will be seen 
from the above equation that one molecule FeS decomposes one 
molecule Fe^CIg with the formation of three molecules FeClj, so 
that the FeS in the mud is one-third of the ferrous salt found. 

In order to make some preliminary experiments, a mixture of 
100 grms. alum and 30 grms. ferrous snjphate were dissolved in 
about f litre of water and precipitated with ammonia and sulphide 
of ammonium. The preoipitate was thoroughly washed by repeated 
decantations, the flask being always filled up to the neck, and corked 
and allowed to settle. When it waa completely washed the aurplns 
water was poured oS, and the precipitate, suspended in about ^ litre 
of water, was preserved in a well-stoppered reagent bottle. The 
precipitate consists of alumina and sulphide of iron, and may 
therefore be taken as an imitation of a simple form of mud. I 
made some experiments to see with what amount of agreement in 
the results one could titrate a number of difierent samples of the 
same mud. 

Three flasks were placed side by side, and into each 50 cc sus- 
pended FeS mud were measured. The mixture of FeS + AljOg was 
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thoTonghlf ehaken up, then nm into a narrow graduated cylinder, 
Ikolding 60 c.c, which was emptied into the fask and then washed 
once into it with distilled watei. To each of the flasks was then 
added 10 co. of the reddish-brown but still add, ferric sulphate 
Bolntion, and the contents shaken. In a few seconds the black 
colour of the sediment had disappeared entirely, being replaced by 
a yellowisb-ted precipitate, which disappeared for the most part on 
the addition of dilute sulphuric acid. Water was than added to 
bring up the volume to 250 cc., and the titration was effected with 
permanganate of potash solution 1 1 litre containing — Wf C* ' S""^ ) 
The three portions of 50 c.& required each ll'S, 11-6, and 11-7 c.o. 
permanganate respectively. We see then that a suspended pre- 
cipitate con be measured off about as accurately as a dissolved 
aalt. 

It is evident, them, that if we have a mud containing FeS and 
other feiTons compounds decomposable by HCl, we can determine 
first the FeS by adding Fe,Clg and titrating a portion with perman- 
ganate; then the other ferrous compounds, by adding HCland titrating 
another portion with permanganate, due account being kept of the 
weights and rolimies used. In order to tiy the method in practice, 
three soundings were mode ; — on 30th September 1861 in the Sound 
of Baasay, off Croulin Island, ISO fathoms ; and on the 1st October 
1881 in Loch Duich, in 49 and 61 fathoms. The £rat of these re- 
presents more or less the conditions in the Open sea of coast waters ; 
the last two represent the conditions in a semi-enclosed loch basin. 
The Sound of Baasay mud was a light grey mud, with no offensive 
qualities. Both eamples from Loch Duich were very foul smelling. 
All three samples were tightly stoppered ap in their wet condition, 
and examined on 20th and 2lBt October 1881 in my laboratory in 
Edinboigh. I unfortunately bad no suitable feme solution afloat 
with me so as to treat them immediately. In the three weeks that 
both muds from Loch Duich were kept in bottles, the sur&ce layer 
got completely oxidised, and on opening t^e bottles the emell was 
gone J but, on breaking through the surface layer, the unaltered 
black mud was exposed with all its original qualities, including its 
peculiar odour. 

The following was the metiiod used in the case of the Looh Duich 
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mnd from 49 fathnms. Two portions of the damp unaltered mad were 
weighed ont; one portion, 6724 grms., was dried at 100° C, and the 
other, 7*881 grms., wiks treated with deep red FejCIg in a 100 cc 
flaek, which was then filled up to the mark with water. 60 c.c. of this 
Bolation, containing 3*94 grms. damp mud, wete acidified with boI- 

phnric acid and titrated with permanganate I — - * - grms, per litre I, 

naing 1'9 cc To the remaining 50 c.c. with sediment {the volume 
of which may here be neglected) were added 4 cc, of strong 
hydrochloric acid (12'Ci HCl grms. per litre), filled np to the mark, 
and allowed to settle. 60 cc of this solntion, containing 1 -97 grms. 
damp mnd, were further acidified with sulphuric add and titrated 
with the same permanganate, of which 1'7 cc. were used. A litre of 
the above permanganate oxidises 6*6 grms. iron from the ferrous to 
the ferric stAte. In the first operation, 60 ti.t. eolution nsed 1-9 cc 
|)emiBnguiat«, therefore the whole amount of mud, 7'881 grms., when 
treated with ferric chloride, would require 38 cc- 0-0213 grm. 
iron. 

After treatment with hydrochloric acid a quantity of solution 
equivalent to 1*97 grms. wet mud required 1*7 c.c. permanganate, so 
that 7'881 gima. mnd would require 6*8 cc when treated with both 
HCl and Fe,CI^ which representa 0'0381 grm. iron. Therefore, 
total iron found by 

Permanganate in HCl -I- Fe^Cl^ solntioD, . . 0-0381 grm. 

Deduct Iron found in FejCIg solution, . . 0-0213 „ 



Leaves Iron present as Ferrous Salt extracted by i „ .^ .„ 



Hydrochloric Acid, . . .> 

Of the 0-213 grm. iron found in the first solution we have seen 
that only one-thiid is to be reckoned as belonging to the mud, and 
to be taken as forming FeS, so that in 7'S81 grms. wet mud 
we have 0*0071 grm. iron present as sulphide, equal to 0*0112 
grm. FeS, and 00168 grm. iron present as ferrous oxide extracted 
by hydrochloric acid, equal to 0*0216 grm. FeO. 

The 6*724 grms. wet mud weighed when dried at 100° C, dunng 
which it was oxidised as well aa dried, 2*011 grms., equal to a loss 
of 70*1 per cent Therefore the dry mnd is 29'9 per cent of the 
damp mud taken. The 7*881 grma. damp mud therefore repreeent 
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2'3564 gnna. dry mud, and therefore we find ^t the mnd taken as 
dry containa 0*47 per cent FeS and 0-92 per cent. FeO in soma 
other easily decomposable combination. 

The other aamplea were treated in the same way, and in the Loch 
Doich mnd, fiom 61 fathoma, 094 per cent. FeS + 0-6& per oaat FeO 
were fonnd. It ia remarkable that the amount of FjS ahoohl be so 
amall in aoch offensive muds. 

In the outside mud from 120 fathoms in the Sound of Baasay 
only 005 per cent. FeS and O'l per cent FeO were found. 

Id connection with this mud, which contained some shell 
debris, the method was found to be less applicable than to muds 
free from calcareous matter. The reason is obvious ; because, on 
adding a neutral ferric solution to a mud containing carbonate of 
lime, precipitation of the ferric oxide by the lime immediately 
commences. This would not really interfere with the reaction, 
because the FeS wonld reduce the precipitated Fe^Og all the same, 
and the fenoua salt can atill be determined by permanganate ; but 
in truly calcareous bottoms this action is troublesome, and the 
method will require special study in this direction. In the semi- 
eneloeed basiiu of the sea lochs, which, as has already been observed, 
form a transition between the open sea and fresh-water lakes, the 
bottom resembles more nearly that of the fiesh-water lakes, in the 
absence of mollnsca, and in the abundance of organic matter of 
it^table origin, than that of the open sea with its abundant and 
varied ground faona. It differs ftom those of fresh-water lakes in 
being bathed by sea-water largely impregnated with sulphates. Con- 
sequently it is in the inner basins of sea lochs that the conditions 
for a constant production of sulphides are present, while the same 
conditions are hostile to the presence of calcareous organisms. 
Hence it is in these basins that the greatest quantities of sulphides 
are found, and it is in their muds that the above method is most 
applicable. 

The salpharetted muds, however, are so alterable by atmos- 
pheric infiuences that it is essential that they should be treated 
immediately on collection. For this purpose weighed wide- 
moathed bottles with good stoppers should be provided. When 
a specimen of mud is brought up from the bottom, a sample 
of it is immediately taken with a spatula and put into one 
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of these bottles conioming a known quantity of ferric cbtoride 
solution, at least aafficient to completely cover the sample of mad. 
Another sample, as nearly similar to the first as poasible, is taken 
and stoppered in another bottle for drying. In this way a large 
amount of valuable information might be gained ; but it will be 
evident from the nature of the case that the actual figures obtained 
in any one particular case are affected by a considerable possible 
error. 

In the month of June 1861 I earned out a nnmber of laboratory 
experiments bearing on this subject^ using the sulphides of different 
metals of the iron group. These bodies were all prepared in the 
same way, namely, by precipitatii^ the snlphates with sulphide of 
ammonium, and washing by decantation in stoppered bottles, always 
filled up quite full A quantity of hydrated ferric oxide was also 
prepared by precipitating ferric chloride wiUi ammonia and 
washing. All of these precipitates, when thoroughly washed, were 
preserved suspended in distilled water in well-stoppeied reagent 
bottles. 

Ferrovs Sviphide and Ferric Oxide. — When quite neutral these 
substanceB do not react on one another, at least at once. But if the 
water has the slightest acid reaction reduction of the sesquioxide 
and production of aulphnr take place rapidly. A mixture of FojO, 
and FeS in water and qaite neutral was corked up and allowed to 
stand for five days, when the sediment was found to be separated 
into two sharply-defined layers — the upper red, consisting of the 
oxide, and the lower black, of the sulphide. When brought 
together, therefore, in presence of nothing bat distilled water, there 
is no appreciable resultent action. 

Manganoua Sulphide can be preserved perfectly under distilled 
water in well -stoppered bottles filled to the neck. A coneidenble 
quantity was prepared in the summer of 1881, and, when thoroughly 
washed, it was put away in three separate bottles. The contents of 
only one battle were used for experimentel purposes, and the upper 
part of it got coloured immediately black with oxide of manganese, 
from the oxidation of tiie flakes of sulphide which adhered to the 
Btuifaoe of the upper part of the bottle, left dry when some of the 
water and precipitate had been poured out This took place at the 
time, and was to be expected. The two other bottles, which were 
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filled np with the manganous sulphide at the time of preparation, 
have never been opened since, though they have all the time been 
exposed to the light, and are exactly in the condition in which they 
were when bottled nine and a half years ago. There is no trace of 
oxidation. 

Manganous Sidphide and Hydrous Ferric Oxide. — Both substances 
are need, suspended in distilled water. If the ferric oxide be 
cautionslj added to the sulphide of manganese, and both suspended in 
water, the red patches are seen to disappear, and the general colour 
of the suspended matter becomes rather lighter in colour than the 
MnS, and there is no formation of FeS. If further additions of 
FojO, be made, red flakes deposit themselves. They do not appear 
to be unaltered FejO,, hut are exactly lite the " rod oherty par- 
ticles " of manganese bottoms. On still further addlti<»tB of FegOg, 
tiie colour changes quickly, though not instantaneously, to black, 
with, however, a large admixture of white particle^ the two being 
easily seen to be perfectly distinct. There is also a quantity of pre- 
cipitated sulphur which remains floating in the liquid long after 
the heavy matter has subsided. 

Prosecuting this line of experiment, I mode three mixtures in 
suitable flasks. 

Ka 1 contained MnS and Fe^Og, the MnS being in excess. 
There was formation of red cherty particles, bnt nothing black. 

No. 2. The same substances, but containing the Fe^Oj in excess ; 
the mixture quickly turned black. 

Na 3. The sams as Xo. 2, only it was made up with warm water, 
and it turned black almost at once. 

These experiments were repeated, and with the same results. 
The above flasks, Nos. 1, 2, and 3, were corked up and allowed to 
stand over night No. 1 contained numerous black particles, as 
well as red cherty ones, and an excess of MnS as well as sulphur. 
Noa. 2 and 3 were much as they had been the night before, except 
that the white particles had almost entirely disappeared, as also all 
red particles. The reactions are considerably accelerated by heat. 

On examining the contents of each of these flasks, no peroxide of 
manganese was found, but large quantities of sulphide of iron. 
The likeness iu the red flakes to the cherty particles of the bottom 
muds is the manganese districts of the South Pacific, and of the 
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kernels of some manganeae nodules waa y%tj atriking. It ia not 
improbable that the first action of the MnS on the Fe^O, may be 
accompanied by the formation of mixed oxides of iron and man' 
ganese ; bat tliere is much to be done in thia direction in tlie atrictly 
quantitative inveatigation of the interaction of the inaolable, but 
not inert, compounds of this as well as of other groups of metals. 

Ferric Stdpkate and Manganotu Sulphide. — Expeiimente were 
now made, using the iron as a ferric salt in aolution, and for this 
purpose ferric sulphate was oaed. It was made as nearly neutral as 
possible by addition of ammonia. The MnS was, as before, aus- 
pended in distilled water. 

On adding ferric sulphato to excess of MnS, the formation of FeS 
is immediate. 

On adding a large excess of Fe,(S04)3 the FeS is decomposed, 
there is formation of basic salt, and on dissolving it with HJSO4 the 
solution contains large quantities of ferrous sulphate. 

On experimenting vith solution of fenous sulphate it waa found 
that excess of MnS precipitates the iron completely as FeS, acting 
exactly like an alkaline sulphide. 

The rationale, therefore, of the abore reaction is very simple. 
Thus 

Fes(SO,)s+ MnS-2Fe804+ MnSO^+S . (1) 
and 2FeSO,+ 2Mn8-2FeS +2MnS04 . . (2) 

.'. adding (1) and (2) we have 

Fej(S04)g + 3MnS-2FeS +3MnS04 + S . (3) 
and 2FeisOJj + 2FeS -6FeSO, + 2S .... (4) 

and (5) + (4) - 3Fej(aO Jj + 3MnS = eFeSO, + SMnSO, 4- 38 . (5) 

or®- Fej(SOJa+ MnS-2Fe80.+ MnSO, + S . (8) 

which is identical with (1), and by adding more MnS we get the 
conditions of equation (2), and so on, repeating the cycle. 

Hence, if we add MnS to excess of Foj^SO^),, we should get 
reduction of the ferric salt without formation of FeS. On adding 
excess of MnS, we get formation of FeS, and then on adding 
excess of Fe2(80)f we get back to the same state of things as at 
first. 

The reaction of equation (1) can be obtained by very cautiously 
adding small quantities of suspended MnS to a very loi^ excess of 
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Fcj (SO,)}. Still there is always local formation of FeS which dis- 
appurs on mixing, bo that the reaction is really that of the whole 
cycle. The action, therefore, of MnS on soluble iron talte is in the 
first instance to reduce whatever is in the ferric state to the ferrous, 
and then at once to precipitate the ferrous salt as sulphide, a man- 
ganous salt taking the place of the ferrous salt in the solution. 

When added in great excess to eolutions of nickel sulphate, man- 
ganons sulphide precipibites it as NiS. When added to solution of 
sulphate of zinc, it either does not precipitate it at all or only very 
slightly at ordinary temperatures. Sulphide of zinc was not found 
to precipitate manganese sulphate solution. 

As the result, then, of the observations and experimenta which 
have been recited I was led to believe that the principal agent in 
the comminution of the mineral matter found at tbe bottom of both 
deep and shallow seas and oceans is the ground fauna of the sea, 
which depends for ite subsistence on the organic matter which it 
can extract from the mud. 

In order to fit them for collecting their nutriment in this way the 
animals have been fitted with difierent forms of masticating or 
milling apparatus, so as to thoroughly deal with the matter 
which they pass through Uieir bodies. It has been shown that 
most silicat«e are decomposed to a certain extent when ground or 
pulverised under water ; so that the mere mastication of tbe sand or 
mud in presence of pure water wonld have a decompoeing action on 
the silicates which it contains. This action is much assisted, in the 
case of marine animals, by the fact that the water which they pass 
through their bodies along with the sand b charged with sulphates. 
These are easily reduced to sulphides by the action of the organic 
matter of the secietious of the animals. The resulting sulphide at 
once suffers double decomposition wijh any oxide of iron or man- 
ganese which is present as such in the mud, or may be being 
set at liberty from silicates under the decomposing influence of 
tritiiration under water. The sulphides of manganese and iron so 
formed are in course of nature extruded by the animals, and if 
exposed to the sea water on tbe surface of the mud are quickly 
oxidised, the manganese taking priority. The mud below the 
surface layer, in localities where ground life is abundant, remains 
blue, being protected by the oxidation of what is above it. 
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At the bottom of tlie ocean the mineral matter is thus exposed 
to a reducing pioeesB due to the life of the animals which inhabit 
it, and to an oxidising procBss due to the oxygen dissolved in the 
water. Other things being eqaal, the redness or blueness of a mud 
or clay depeoda on the relative activity of these proceaeea. Tbey 
also exercise a controlling or modifying influence on one another. 
For, although marine animals are much leee sensitive to Tariation 
in the amount of oxygen in their atmoephere than terreatrial 
animals, it is certain that there must be a limit to the deficiency of 
oxygen which each animal can support ; and when this limit ia 
approached, its reducing activity is diminished, or, it may be, 
eztingalBbed. The water in the course of circulation is being con- 
tinually renewed, and, meeting with a diminished amount of freshly 
reduced matter, it is able to push the oxidation of the mud to a 
greater depth. It is easily conceivable that in many of the deep 
parte of the ocean the amount of ground life may be so limited that 
the water has no difficulty in oxidising at once ita ejecta ; and 
these conditions would be favoniable to the formation of a red 
clay or chocolate mud according to the preponderance of iron or 



While dealing with this subject it is proper to refer to Darwin's 
book on Vegetabk Mould and Earthworms, which was published 
in 1881. His masterly investigations in the kindred department of 
the part played by earthworms in the formation of the terrestrial 
soil strengthened me much in my belief in the soundness of the 
views above developed as to the formation of marine muds. Indeed, 
to a certain extent he extends his views himself to the case of 
marine muds. At p^e 266, after noticing that it is due to the 
nulling action of the gizzards of worms that the supply of 
exceedingly finely divided mineral matter, which is removed from 
the surfaces of every field by every shower of rain, is constantly 
renewed, he adds in a note : " This conclusion reminds me of the 
vast amount of extremely fine chalky mud which is formed within 
the lagoons of many atolls, where the sea is tranquil and waves 
cannot triturate the blocks of coral. The mud must, so I believe, be 
attributed to the innumerable annelids and others animals which 
burrow into the dead coral, end to the fishes, Holothurians, Ac, 
which browse on the living corals." Darwin further gives an 
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approximate numerical reault or oBtimate of the woik of earth- 
wormB which is intereatiag. At pa^ 256 he eaje : " Nor ebould 
we forget, in considering the power which worms exert in faritar- 
ating particles of lock, that there is good evidence that on each acre 
of land which is sufficiently damp and not too sandy, gravelly, or 
tocky for worms to inhabit, a weight of more than 10 toDS of 
earth annoallf passes through their bodies and is brought to the 
BUt&ce." 

On a Simple Pooket Doet-Ooonter. 
By John Aitken, Esq. 

(With a Plate.) 

(Read December 1, 1S80.) 

It is now a year and a half since I communicated to this Society 
a description of a portable form of apparatus for enabling ns to 
count the number of particles of dust in the atmosphere. The 
workJDg of that instrument in my hands has been most satisfactoiy, 
and though it faas occasionally given trouble, yet it has not giveD 
mora than m^t have been expected. Though that apparatus has 
worked quite plesssntly with me, and enabled a beginning to be 
made of an inTestigation into the amount, and the efiecte, of duet 
in OUT atmosphere, yet very few have as yet followed up this line of 
inquiry. Thia has probably been owing to there being something 
in the complicated nature of the apparatus which has deterred 
others from joining in the work. I therefore determined to see if a 
simpler, and at the same time a reliable, form of the apparatus 
conld not be devised. 

After the experience guned in making thousands of observations 
with the portable apparatos, I have acquired an acquaintance with 
its weak points, and a knowledge of what it would be necessary for 
an instrument of this kind to do nndei the difierent conditions 
in which it would be required to work, and I may now sum up the 
indictment against the portable apparatus under the following 
heads : — It is too complicated ; it has too many weak points ; it is 
too heavy ; it hae on unnecessarily wide range for meteorological 
work ; and it is too expensive. If an instrument could be con- 
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Btnicted free from the firat four charges, it is probable tbe fifth 
would vsBisb. 

First, as regards weight, the experience gained with the portable 
apparatus has ahonn that the size ma; be veiy mncli reduced if 
the ioatrument is to be need onlj for testing aii of country distcicto — 
i.e., air free from immediate local pollution. Experience has 
shown that iu country air the number of particles is rarely over a few 
thousands per cubic centimetre. It is therefore not necessary to use 
the small measures of the portable apparatus under these coudi- 
tions, as we can with the air-pump alone test air up to an impurity 
of 25,000 per cubic centimetre. It is only for air of greater im- 
purity than this that the stopcock measures aie required. These stnall 
measures may therefore be omitted. Again, when testing country 
(ur, the proportion of pure air to impure air required to make a test 
does not vary greatly — from 4 to 1 to 19 to 1. The receiver of the 
instrument does not therefore require to be so large as when the air 
to be tested requires to be mixed with some hundred times its 
volume of pure air. This admits of the receiver, and therefore of 
the whole apparatus, being greatly reduced in size. The capacity of 
the receiver in the pocket instrument has therefore been reduced to 
one-fifth of that of the portable apparatus. This at once effects a 
great reduction in the weight, and the stopcock measures not being 
required reduces the expense as well as the weight. 

Turning now to the weak and tioubleeome parts, these are 
principally ; — (1) The air-pump valves are liable to get out of order, 
and occasionally give rise to trouble. (2) The india-rubber tube 
for closing the opening through which the stirrer-rod passes 
occasionally fails, and gives trouble by leaking. Further, these 
india-rubber tubes with closed ends require to be specially prepared 
for the instrument, and it is difficult to get suitable tube for 
the purpose. And (3) the silver counting stages are delicate and 
troublesome to keep. So far as my experience goes this is not the 
case, as after a little practice no trouble has been experienced, and 
the first silver stage put into my instrument is still in use and in 
good condition. My experience, however, is not that of others, 
and it seemed in the higheet degree desirable that some improve- 
ment be made in this direction by the introduction of a counting 
stage that could be more easily kept in working order. 
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Returning now to the firat weak point, vii., tho air-pump valves, 
reference to the Plate ^ven with this paper will show how this 
difficult; has been overcoma The figucee ou the plate show the 
new pocket inBtrument drawn full mze. In the figures, R ia the 
receiver, and P the pump. It will be observed that the receiver R 
commnnicates with the pump P b; means of the stopcock E, and 
it will be noticed that all difficulty with the valves is got over by 
siinply removing them altogether, and making the stopcock K act 
the double part of air-pump valves, and valve for admitting the air 
to be tested. The passage through the plug of the stopcock K is 
not straight, but is bored at right angles as shown. It will also be 
noticed that there are three porte in the body of the stopcock — one 
communicating with the pump P, one with tlie receiver R, and one 
with the outer air. 

It will be observed that the lower part of the air-pump is similar 
in design to that of the portable apparatus. The continuation of 
the pump-barrel G forms a guide for the piston-rod of the pump, 
and has a scale graduated on it to enable the observer to introduce 
into the receiver different proportions of impure air for testing. At 
fig. 4 is shown a separate drawing of the guide-tube, and on it is 
shown the scale marked with the figures -^i ^, ^, ^. This scale 
is so divided that when the guide-collar is drawn down to those 
respective marks it enables us to introduce into the receiver 
measured quantities of impure air, such that when mixed with the 
pure air in the receiver and expanded there will be these propor- 
tions of impure air in the receiver. So that on making a teat and 
counting the nnmber of drops per cubic centimetre in the mixed 
and expanded airs in the receiver, the nnmber so obtained must 
be multiplied by the proportion of impure air used. Suppose, for 
instance, that we drew down the pump to the ^ mark on the 
scale, and on testing the mixture of this amount of air with the 
pure air in the receiver, and obeerved, in say, ten teste, an average 
of two drops per square millimetre, then as there is one centimetre 
of air above the counting stage, two drops per square millimetre 
will be 200 per cubic centimetre in the air of the receiver, but 
this figure must in this case be multiplied by 20 to get the number 
of particles in the outer air, which in this case would be 4000. 

The guide G is fitted to the cylinder cover of the air-pump by 
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means of a acrew to enable it to be taken to pieces foi the con- 
venience of packing. The piston of the aii-pamp ia packed ivitli 
the uBual cnpped leather. To this I have added a amall idling 
ring, aa shown in drawing, at the lower part of the piston. Thu 
ring, so far as experience jet goes, has been found to 1m an 
advantage, and has kept the piston alwajB tight with vaiying 
degrees of drynees of the leather. 

The second weak point in the portable apparatas, to which 
TefeiencB has been made, is the india-rubber tube making the tar- 
tight joint between the rod of the stirrer and the recBirer. Mere, 
again, as will be seen from the drawing of the pocket inatrameat, 
the difficulty has been got over hj simply removing it, and closing 
the end of the tube with a metal cap This is poBdhle in the 
pocket instrumeDt, because we can move the stirrer without touching 
it It is only necessary to invert the insttument, when the stirrer 
drops to the other end, and on again bringing the instrument to its 
original position, the stiner agun drops to the bottom. These 
movements are made two or three times to make the mixing 
thorough. Some little attention ie necessary in the conatriictioD of 
the stirrer. It will not do to put a diaphragm into the receiver 
and allow it to fall anyhow. The effect of that would be to manu- 
facture a great quantity of nuclei, and copious showers would 
invariably follow its use. These showers are caused by nuclei 
formed by the wet surface of the stirrer splashing on the wet 
surface of the receiver. It will be seen from the drawing that the 
stirrer is caused to move truly by means of a small rod fixed in it, 
and projecting downwards. The lower end of this rod enteta a 
tube which projects through the bottom of the receiver, the lower 
end of this tube being closed. Both ends of the guide-rod 
are pointed to reduce this splashing surface to a minimum. 
When the instrument is inverted, the &lling stirrer keeps parallel 
to the top and bottom of the receiver, but touches neither, save at 
the pointa, and nuclei are rarely formed. As in the other instm- 
mentt, both sides of the stirrer and the bottom of the instrument 
are covered with blotting-paper, cemented on with india-rubbei 
solution. The blotting-paper is kept moist to saturate the air, and 
supply water for the rain drops, when the entering air ia dry. 

On referring to the drawing it will be seen that there is no 
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filtering appantas attached to the pocket ioBtnimeDt. With the 
remo?al of the air-pamp valves its ose would be inconveaieat, and 
it u not a necessary part of the apparatus. For rieiring the 
counting stage the magnifying lene M is used. A common single 
lens of about two-centimetre focus does vety well for the poipose. 
It is lifter and less expensive than a compound one. The 
lens b mounted in a tabs which slides into another tube, this 
larger tube is attached to a disc of brass of the same diameter as 
the top of the receiver. This disc has a flange all round it of sach 
a size that, when cut so as to give it a spring, it grasps the top of 
the receiver firmly, but in such a way that it can be easUy lifted 
off. This is necessary, as the inside of the glass cover of the 
receiver often gets dewed, and the easiest way of removing the 
condensed moisture is to lift off the cover carrying the lens, and 
hold the finger on the glass to beat and evaporate the moisture 
from the inside surface. 

Before proceeding to describe the improvements in the counting 
stage, it will be as well to describe the manner of using the new 
instrument. The first thing to be done is to see that the inside of 
the receiver is wet. If it is, then emmine the inside surface of the 
glass cover of the receiver, and see if it is free from condensed 
moisture, which would interfere with a clear view of the stage. If 
it is not clear, take off the metal cover and hold a finger on the 
centre of the glass plate till it begins to clear, and then replace the 
cover. Too much heating should he avoided, as it gives rise to 
trouble with the counting stage. Now examine the surface of the 
counting stage, and see if it is free from specks. If it is not 
satisfactory, take it OTit and clean it with a piece of clean cloth. 
Gate is advisable in doing this to see that the cloth is perfectly 
clean, as otherwise the stage will look dirty and streaky in the 
humid atmosphere in the receiver. If the stage is simply dewed, 
then touch the underside of it with a finger to heat it slightly. 
If the finger is not quite clean, put a thickness of cloth or other 
protection over it If these two glass surfaces are in good order, 
the instrument is ready for making a teat. 

If it has been necessary to take the counting stage out of the 
receiver to clean it, then thin will have admitted much impure air, 
and as there is no filter to enable us to fill the receiver with pure 
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air, WB miiBt now purify it in another way. To do this the stop- 
cock A is dosed, and the stopcock K is turned so as to put the 
pump into communicattou with the receiver, that is, in the position 
shown in fig. 1. A stroke of the pump is now mada This causes 
condeneation to take place on the dost particles when some of them 
drop out of the air. The piston is again put to its top podtioii, 
and another stroke made, when more particles settle, or are 
deposited on the sides by the msh of air. After this expandiag 
and condensing process has been done a few times all the particles 
of dust will have become nuclei, and be deposited on the bottom of 
the recelTei. The air will now be pure, no drops falling when expan- 
sion is made. This process of purifying the air in the receiver is qnite 
as quick as the filtering one. Indeed, when the filtering process is 
used, it is always quicker to end by showers of the last particles. 

The air in the receiver being now purified so that no drops are 
Been falling when expansion is made, the next thing to be done is 
to introduce into the receiver the necessary quantity of the air to 
be tested. However, before doing this, it is advisable to turn the 
stopcock K. a quarter turn to the left, so as to bring the receiver 
into communication with the outer air. The object of doing this 
is to bring the pressure inside the receiver to that of the open air. 
"When making the repeated ezpan si ona to purify the air in the 
receiver, some air may have leaked in past the piston, and it is to 
get rid of this air that the stopcock is opened and the receiver put 
into communication with the outer air before taking in the 
measured quantity. If this was not done the amount measured in 
would be too small by the amount of the leakage. There will be 
no leakage if evetything is in good working order ; still it ia a 
good precaution alwaye before taking in the air to be tested to turn 
the stopcock and allow any pins pressure to escape. 

The air in the receiver being at the same pressure as the outer 
air, the measured quantity of the air to be tested ia then taken into 
the receiver in the following manner : — The piston being at the top 
of its stroke, where it ought always to be at the end and beginning 
of every test, and the stopcock in the position shown in the draw- 
ing, the piston is then drawn down the amount that is thought 
will be suitable under the conditions. Say it is drawn dovm to the 
^ mark on the scale, by this movement there is taken out of 
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the receiver a measured qoantitj of air. The stopcock E is now 
turned one quarter tam to the left, so as to bring the ituide of the 
receiver into commanicatioD with the outer air. Wheu this is done 
the measured quanti^ of air rushes into the receiver. The qoautity 
of air we have taken out of the receiver to make room for the ur 
to be tested is, however, still in the pump, and mnst now be got 
quit of. To do this it is only necessary to return the pfaton to the 
top of its stroke before turning the stopcock back again to bring 
the receiver into connection with the pump. When the stopcock 
K is turned to the position to admit the outer air to the receiver, it 
will be seen from the drawing that the pnmp is then also in com- 
mnoication with the oater air by meaas of a small passt^ drUled 
toDgitudinally through the ping of the stopcock. By this arrange- 
ment only one movement of the stopcock is necessary for admitting 
the air to the receiver, and opening the discharge valve of the pump, 
and when the stopcock is again turned to bring the receiver into 
connection with the pump, the discharge valve is closed. From 
this it will be eeen, that though we have dispensed with the air- 
pump valves in this new arrangement, we have not increased the 
number of stopcocks required, nor the number of movements 
oecessary for making a test 

The necessary quantity of air being admitted to the receiver, 
and the pump emptied, and the stopcock tnmed to its origiDal 
poaitioo, BO that the receiver is iu communication with the pnmp, 
the instrument is then inverted bo as to cause the stirrer to drop 
inside the receiver, and again brought to its vertical position when 
the stirrer again drops. This is done two or three times to mix the 
impure air with the pure air in the receiver. When this is done, 
the instrument is held, with the top of the receiver horizontal, 
and in a convenient position for the observer viewing the 
counting stage thiongh the magnifying glass. Expansion b 
then made, and the number of rain drops counted in the usual 
way. If in this trial more than five drops fall per square milli- 
metre, then too much impure air has been taken in, and a smaller 
proportion of impure ait must be need to get a correct test. From 
the number of drops observed it is easy to determine whether -^ 
or (^ will be the best proportion to nae for testing noder the 
eiiwUng conditions. On the other hand, if, in this preliminary 
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trial, less than one drop per eqaare millimetre fell, then the 
quantity of impure air ought to be increased to, say, \ impure air. 
Sometimes, hovever, th& air is bo pnie that ^ is too little, and it is 
desirable to have no pure aii in the receiver, and to fill it entiidj 
with the air to be tested. When this is the case, the stopcock K 
is turned so as to put the receiver into communication wltli the 
outer air, and the air is drawn out of the receiver through the stop- 
cock A. This ma; be done either by means of the mouth, or b; 
any simple piece of apparatus. The current must be kept flowing 
through the receiver till all the pure air has been drawn out. After 
this the stopcock A is closed, the receiver pnt into communication 
with the pump, the stirrer worked, expansion made, and the drops 
counted in the usual way. When working in this way the number 
obtained per oubio centimetre iu the aii ol the receiver has to be 
multiplied by 1'4 to allow for the reduction in number produced by 
the expansion. When working in pure air it is often necessary, 
instead of confining the attention to one square millimetre^ to 
observe the number of drops that fall on a square of four squares, 
or on a square of nine squares, that is, of nine square millimetres. 

Having described the manner of working the new apparatus, we 
shall now proceed to describe what has been done to improve the 
counting stage, and make it more simple and easily kept in working 
order. Naturally glass seemed the most smtable substance for 
making those stages on account of the perfection of its surface, as 
well as for the ease with which it can be kept clean. I had pre- 
viously tried glass, but with no good results ; but though I had 
hitherto failed, the many advantages to be derived from the use of 
glass induced me to make a fresh attempt The difficulty with 
glass is that the drops when they fall on it are nearly invisiUe. It 
does not matter whether we use glaes minore or blackened glaas — 
in all cases it is difficult to see the drops. On examining into the 
cause of thie difference between glass and silver surfaces, water 
spray was allowed to fall on these surfaces, and the drope were tlim 
examined by means of a magnifying lens as they rested on the 
different surfaces. It was seen that on the silver, the drope scarcely 
touched the surface, but formed little flattened halls, and theii 
brilliancy is due to the light reflected from the intomal concave 
surface furthest from the light ; whereAs the drops on glass adhere 
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to and spread themselvea otbt it, mote oi less, but there is no 
internal reflection, and only a slight external one on the convex 
side next the light. 

The problem then came to be — Could it not be possible to prevent 
the drops adhering to and spreading themselves on the ^ass 1 In 
some trials I got eucontagemont to suppose this might be poeaible 
bj coating the surface of the glass vith some substance that would 
lepel the water. The manner of testing this was to coat a clean plate 
of glass with the substance under trial, allow a shower of spray to fa) 1 
OQ it, and examine the drops with a leas. In this manner many 
substances were tried, but the best results were got with paiaffin-waz 
and refined beeswax. These substances were put on the glass, 
and then rubbed off till their presence could scarcely be detected. 
Glass BO treated was found to act exactly like silver; the spray 
rested on the surface in little ronnd balls, and showed the internal 
reflection well. 

These Hubetances were then tried in the dust-connter, on small 
silvered glass counting stages, and it was found that they did 
perfectly under certain conditions, but it was difficult always to 
secure these conditions with the very small pieces of gloss. The 
treatment was tried in practice for a time, but it was found to be 
troublesome, as it did not always prodnce the desired result. The 
plan was therefore abandoned as it was not thought good enough, 
nor sufficiently simple, and certain in its action, to be put into the 
hands of most observeis. 

Experiments were therefore begun in another direction, and trials 
made of the effect of illuminating the stage from beneath. If we 
place a mirror underneath the glass stage so as to reflect the light 
of the sky through the ett^e, no satisfactory result is obtained 
owing to the general glare of light. However, I have fortunately 
succeeded in lighting the sta^ &om beneath in such a way 
that not only are the drops visible, but they are seen with a 
distinctness far superior to anything yet obtained, even with silver 
in its best condition and best lighting. Not only so, but a very 
low degree of illumination is sufficient to show the drops clearly. 
One great advantage of this is, that observations can be made in 
early morning and late evenings when the light is far too feeble for 
WDTking with silver. 
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This method of illumination ia ehown ia the drawing of the 
ioBtrumeut (eee figa. 1 and 3). The coauting stage ia made of 
glass, and ia illumioated from heaeath, the light being reflected 
upwards by what wa might coll a spot-mirror, which is simply an 
oidinarj mirror with a black circular space in the centre. This 
enables the drops to be illuminated by means of a slightly oUiqne 
light, while an image of the black spot coyers the field of the lens. 
The leault ia the drape ore seen shining brilliantly on a nearly black 
field, and are counted with great ease. 

After satisfying myself of the value of this method of working, a 
difficulty presented itself. I had an ordinary micrometer mode of a 
size suitable for the counting stage. This micrometer was made by 
a piofessional maker of these inatrumente ; but on fitting it into tlie 
dust- counter, the method of illumination was found to be so powerful 
and trying, that it brought out all manner of impeifectione and 
blemishes on the micrometer which vera not seen with a magnify- 
ing glasa and ordinary illumination. The cross lines on the 
micrometer looked rough, with a crystalline glistening appearance, 
and there were so many specks on its surface that working with it 
was very difficult, oa few squares were free from spots, which were 
apt to be counted as drops. The makere of the micrometer were 
therefore written to about these imperfections ; their reply was that 
" they had done theii best, carefully selecting the glass, &c., and that 
they thought it would be difficult to get a better instrument." If 
better could not be got, I felt that the value of the new anongement 
would be greatly decreased. I therefore determined to attempt the 
manufacture of micrometers myself, to see what could be done. A 
piece of patent platfr-glass was procured, this was cut into snitable 
sizes and very carefully examined with a strong lens, while it was 
illuminated by means of a spot-mirroi. After finding a fairly good 
piece in the glass, any specks which were on its surface wero tested 
with a pointed piece of soft wood, and if they were not found to he 
removable, the part was rejected and the search continued. In this 
way a few pieces were obtained large enough for the purpose, and 
perfectly free from specks. These perfect pieces were marked off 
on the gloss, cut out, and fins cross lines at one millimetre apart 
were engraved on their surfaces; after which they were tunied 
into little circular discs of the required diameter. 
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Two methods of engnviog these lines have been tried, and both 
of them give much better li&ea for the purpose than is obtained by 
the nsiial method of engraving micTometers. One method is to 
cover the gkss with beeswax, and diaw the lines with a fine 
needle point, and then etch with hjdraflnoric acid. The lines 
obtained hj the use of ordinary hydrofluoric acid are not very 
soitable, as they require to be of some breadth before they are 
nsible with the spot-mirror illumination, and they then show as 
bright glistening lines. The mixture known as "white acid," bow- 
erer, gives a fine line with just that degree of white visibility which 
makes them appear clear without glancing and distracting the 
attention. In this manner the micrometer which is at present in 
use was prepared, and it has been found in every way satiefactoiy. 
The vaponr of hydrofluoric acid also gives good reBult& In etching 
these lines, trial must be made with the acid and a piece of the 
same glass to find the correct time the micrometer requires to be kept 
in the acid to etch to the required depth, the trial pieces being 
tested under the epot-mirror illumination. The difficulty of draw- 
ing these lines with a diamond is, that when tiiey are made strong 
enough to be easily seen, they have always bright spots on them. 

It will be observed from the drawing that these micrometers or 
counting stages are made of thick glass. The object of this is to 
prevent any apeck, or anything adhering to the under side of the 
glass, interfraing with the clearness of the field. The thickness of 
the glass puts them eo much out of focos that they do little harm. 
There is then, therefore, no real barrier to the use of these micro- 
meters, only ttie glass must be selected when under the illumination 
of a spot-mirror. It may be remarked here that the spot-mirror may 
be found useful for other purposes. It gives us a powerful means of 
detecting flaws in lenses, &c The enrface of a new lens when 
examined by means of it looks so full of imperfections that it seems 
scarcely possible it can give a perfect image, while the imperfec- 
tions most give rise to the dlspeision of a good deal of light. 

The other method of engraving the lines on the glass, which has 
been tried and found to give good results, is to cover the glass with 
very fine emery powder, wetted wiUi turpentine, and scratch the 
lines witii a needle point ; or better, to tip the needle with a 
Uttle diamond bort. The fineness of these lines can be made 
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all that is desired, aud there is little trouble from the iieedl« 
blunting under the operation. Id mlii^ these lines, it is, of comae, 
necessary to keep the pressure on the needle constant, and to make 
the same number of strokes across the glass for each line, in order 
that the lines may be equally thick. 

The pocket instrument has been occasionally in use during the 
whole of this aummer, first vith a ulver stage and then with a 
glass one, and has been working quite satisfactorily, and ginDg 
results agreeing with those of the larger instniment. The inatra- 
ment appears to be now so simple, it can be easily worked by 
any one. So far as can be seen at present, the weakest point in 
the instrument now, and the only one likely to cause trouble, is the 
piston packing. If the piston is not tight, correct work cannot be 
done. Fortunately, the conditions of testing make it impossiUe, 
with ordiuary care, to make a test with a badly-iitting piston ; 
because it would be impossible with it to thoroughly purify Uie 
air in the receiver. When air leaks in past the piston, nuclei are 
admitted, and these prevent the showera in the receiver ceasing 
completely. If the piston leaks a Uttle, at each stroke of the pump, 
though no air has been admitted by the stopcock, a few drops will 
be Been falling, and call the attention of the observer to the 
imperfection. 

To reduce the trouble from this cause as much as possible, I have 
introduced the spring ring already referred to, under the leather 
cup packing, and so far this has worked wall ; the piston has given 
no trouble since its introduction. One objection to the cup leather 
packing is, that if it gets out of order the repair of it might not be 
within the pwwers of the observer. To obviate this objection, the 
arrangement shown in fig. 5 has been designed, tried, and found 
satisfactory. It consiste simply of the substitution of a plu&ge^ 
pump for a piston one. The advantage of the plunger is, that any 
one con easily pack the stuffing-box, and some kind of material for 
doing it can always be obtained. In appearance, the plunger-pump 
is not so compact aa the piston one, on account of the diameter of 
the stufOng-box requiring the guide-tube to be made of much 
greater diameter. Yet this is little disadvantage so far as compact- 
ness for packing is concerned, as the pump-barrel can be slipped 
inside the guide-tube, when unscrewed for packing in ite case. 



1SM-91.] Mr J. Aitken on a Simple Pocket Suet-Cminter. 51 

It may be aeked — Does this simple iiutrnment displace the mora 
complicated earlier forms of the apparatus t Have the earlier 
forms been nunecesaoiily complicated t The answer to thlB ia — That 
the pocket inatrnment is designed for special work, and only for 
that work ; while the earlier forms are still necessary, and can do 
woik in conditions in which the pocket instrument wonld he use- 
less. The laige instrument fitted up in the Ben uteris Observatory, 
with its arrangement of circulating pipes, aspirator, and artificial 
illumination, is still the beat form for a fiist-class observatory, where 
observations have to be made in all .weathers, and during night as 
well as day. The Portable instrument is still necessary when we 
wish to test locally pointed air, such as that near human inhabita- 
tions, that is for sanitary work; while the use of the Pocket 
inatniment is confined to meteorological work in the open air, 
and its advantages are simplicity and lightness. 

It may be remarked here that the Pocket instrument may be used 
to give a rough indication of the impurity of polluted air. The maimer 
of using it for this purpose is as follows : — First, turn the stopcock K 
a quarter turn to the left, and draw down the piston. This takes 
the impure air into the cylinder. The whole of this air is then 
discharged by pushing the piston to the top of its stroke. By these 
movements nearly, but not quite, all the impure air ia expelled from 
the cylinder. The small passsge between the stopcock and the 
piston ia still full of impure air. Immediately on pushing the 
piston to the top of its stroke, the stopcock ia returned to its 
original poution; the piston is then drawn down, and at once 
returned to ita top position. By these movements we have taken 
some of the pure air out of the receiver and mixed it with the small 
amount of impure air in the pump passage, and the return stroke 
has sent the mixture into the receiver, where after being stirred, a 
shower is produced, and the drops counted. 

This cannot give a very accurate result, as some of the 
particles must be lost when the air is drawn in from the receiver to 
mix with the impure air in the pump passage. This loss, however, 
does not seem to be great, owbg probably to the higher temperature 
of the pump-barrel, from contact with the bands, preventing con- 
densation. Owing to the possibility of some lur being left between 
ana top of the piston and the cylinder, it would be difficult to 
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gauge by tneanuFemeat the cftpacity of the apace not emptied, when 
the piston of the pamp is retained, to enable na to make the 
neceeeory calculations to find the number of particles. Perhaps the 
best way of gauging would be to test ait which gave, say, five drops 
per square millimetre, when using -^ of impuro air, and working in 
the naual way. Then test this same aii and see bow many it gave 
when using tba contents of the small space above the piston. 
Perhaps it might give one drop per four square miUimetres. If a series 
of testa give theee figures as the average number, we wonld know that 
the capacity of the space was ^ of the -^ measure, or the ,o'nj of 
that of the receiver. So that whatever number we observed in the 
ail of the receiver when working in this manner would i«qniie to 
be multiplied by 1000 to get the number in the air tested. 

The instrument is so constructed, that when the different parts 
are unscrewed they fit into a case 4g inches by 2^ inches by 1^ 
inches deep, or little larger than a well-filled cigar-cBse. The 
weight of the instrument, without the case, is a Httle under 8 oz. 

On the Action of Metallic (and other) Salts od 
Carbonate of Lime. By Kobert Irrine, F.C.8., and 
W. 8. Anderson. 

(Read Jannsry e, ISSl.) 

It la well known that pseudomorphic changes take place with 

many minerals. These changes may be either by alteration or 

displacement. In the case uf carbonate of lime they are generally 

of the former order. 

Among other work conducted at the Marine Station, Granton, 
during the past year, a number of experimeuts were instituted with 
the view of showing how far carbonate of lime was influenced is 
this direction by metallic and other salts. 

. Corals, preferably the more porous and soft varieties, were 
selected for this purpose, and these were exposed to the action ot 
solutions of the following salts : — Chloride of manganese, sulphate 
of iron, chloride of line, chloride of chromium, nitrate of niokel, 
nitrate of cobalt, nitoate of copper, nitrate of lead, chloride of 
mercury, chloride of tin, nitrate of silver, phosphate of ammonia. 
In many cases the action was very slow, especially in the case of 
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the salts of nickel and cobalt On the other hand, with salts of 
capper and mangBnese, the action was aufficiently rapid so as to 
make a material difference, within a few weeks, in the composition 
of the coral exposed to their action. 

In most cases there is a direct interchange between the lime (of 
the carbonate of lime) and the oxide of the metal which takes He 
place. Thus we have : — 

1. With a copper salt, in seven months, 26'4 per cent, of carbonate 

of copper taking the place of an eqaivalent amount of car- 
bonate of lime. 

2. With chloride of manganese, in tvelve months, 58'4 per cent 

of carbonate of manganese. 

3. With salts of iron practically the whole coral is altered — first, 

into carbonate, and altimately, on exposore to air, into 
sesqnioxide of iron. 

4. With salts of anc, 26*8 per cent of carbonate of anc had 

formed in six months. 

5. With phosphate of ammonia the transference was between the 

carbonic acid of the coral and the ammonia of the salt. The 
lime having combined with the phosphoric acid to aA extent 
equal to 60 per coot, of phosphate of lima 

Without doubt, phosphate of lime deposits, especially those 
found on old coral islands, have had their origin in this manner, 
the phosphoric acid being derived from the excreta of wild fowl, 
deposited upon dead coral or carbonate of lime, the amount of 
psendomorphic change being in accordance with the quantity of 
guano deposited. Of course, transference between carbonate of 
lime and alkaline phosphates can only take place in the presence of 
water, so that we have no such pseudomorphs where the climate 
is rainless ; there the guano nmains as deposited, whilst these 
deposits in rainy Eones always assume the form of insoluble phos- 
phate of lime. 

Carbonate of lime, with silver and mercury salts, seems to throw 
down oxides, not carbonatea Bat the compounds with nickel and 
cobalt we have, as yet, been unable to determine. 

With a true pseudomorph, the structural form of the carbonate 
of lime, be it in the shape of coral, sHdle, oi caleite, remains 
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unchaDged ; when, however, an oxide is prodnced, as in the ca 
with tin and mercttt^ ealta, it forniB merely a Btiperficial coatisg. 

From the results of numerous experiments, which it is u 
sar; to record here, we have good grounds for assumii^ that 
carbonate of lime, either in a massive or comminuted conditioD, or 
in solution, carries out the most important funutioQ of withdrawing 
metallic and other bodies from aea-water, which may be aaid to hold 
(often in minute amount) almost every elementary substance in 
solution, and fixing these in a concentrated condition. 

The geological significance attaching to this property of carbonate 
of lime is apparent, as, without question, many metallic ores owe 
theit origin to this source. 



Maogansse Deposits In Marins Mtide. By Robert Irvine, 
F.C.S., and John Qibson, Ph.D. 

(Read JumuT 0, 1891.) 
Two theories have been put forward in order to explain the 
formation of manganese deposite in manne muds, and more 
particularly with regard to manganese nodules : one by Munay, 
in a paper read before this Society in 1876, the otber by Buchanan 
in 1888. Murray assumes the gradual oxidation of carbonate of 
manganese resulting ultimately in the formatioa of hydrated 
peroxide of manganese. Buchanan first propounded his theotyin 
1860, and subeecjuently, in a paper read before this Society in 
December 1890, argues as follows : — 

"The principal agent in the oomminntion of the mineral matter 
found at the bottom of both deep and shallow seas and oceans is 
the ground fauna of the sea, which depends for its subsistence on 
the organic matter which it can extract from the mud. 

" In order to fit them for collecting their nntriment in this way, 
the animals have been fitted with difierent forms of masticating or 
milling apparatus, so as to thoroughly deal with the matter which 
they pass through their bodies. It has been shown that most 
silicates are decomposed to a certain extent when ground or pul- 
veriaed under water; so that the mere mastication of the sand or 
mud in presence of pure water wonld have a decomposing action on 
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the ailicates which lb contaiaa. This action ia much assisted, in the 
case of marine animals, by the fact that the water which they [Msa 
thnngh their bodies along with the sand is charged with sulphates. 
These are easily reduced to sulphides by the action of the organic 
matter of the secretions of the animals. Tlie resulting solphide at 
once suffers donbla decomposition with any oxide of iron or 
manganeM which is present as snch in the mud, or may be being 
set at liberty from silicates under the decomposing influence of 
trituration under water. The salphides of manganese and iron so 
lormed are, in conrae of nature, extruded by the animals, and if 
exposed to the sea-water on the surface of the mud are quickly 
oxidised, the manganese taking priority. The mod below the 
surface layer, where ground life is abundant, remains blue, being 
protected by the oxidation of what is above it. 

" At the bottom of the ocean the mineral matter is thus exposed to 
a reducing process due to the life of the animals which inhabit it, 
and to an oxidising process due to the oxygen dissolved in the 
water. Other things being equal, the redness ot blneness of a mud 
or clay depends on the relative activity of these processes. They 
also require a controlling or modifying influence on one another. 
For, although marine animals are much less sensitive to variations 
in the amount of oxygen in their atmosphere than terrestrial 
animals, it is certain that there must be a limit to the deficieacy of 
oxygen which each aaimal can support; and when this limit is 
approached, its reducing activity is dimiuiehed, or it may be 
extinguished. The water in the course of circulation is being 
continually renewed, and, meeting with a diminished amount of 
freshly-redneed matter, it is able to push the oxidation of the mud 
to » greater depth. It is easily conceivable that in many of the 
deep porta of the ocean the amount of ground life may be so limited 
that the water has no difficulty in oxidising at once its ^ecta; and 
tiiese conditions would be favonrable to the formation of a red 
alsy or chocolate mnd, occonling to the preponderance of iron or 
manganese." 

In a word, that the animals passing sand or mud through their 
bodies with sea-water tend to raduce the sulphates present in the 
sea-water, and the alkaline sulphides so formed cause the formation 



56 Proceedings of EoyaX Societt/ of Edivhwrgh. [me. 

of mlphidee of iron and manganeBe, which, on eabaequent expoeue 
to eea-nater coiit&initig oxygen, are quickly oxidised — the monguieM 
taking priority. 

Il IB obrionB that any conclusion as to the relative correctness of 
these two theories cannot be arrived at solely by chemical con- 
sideTRtions, bat most depend largely upon such questions as the 
relative abundance and distribution of animal life upon the seft- 
floor ; and, further, upon the physical stracture of the deposits. 

In this paper we propose to confine ourselves chiefly to the 
chemical aspect of the subject, and more particularly to certain 
reactions of manganese, which we believe to have a very direct 
bearing upon it. 

A. — BXHATIOUB OF HtDOATED PBOTOXtDB Of MalfaAKBBB. 

If freshly-precipitated hydrated protoxide of manganese be added 
to eea-water, it is pretty freely dissolved, and if the searwater be in 
large excess, the mangaoese remains in eolations for a very con- 
siderable time. If, however, more hydrated protoxide of masganeae 
be added than is sufficieiit to form carbonate of manganeae with the 
carbonic acid in the sea-water, the excess of manganese is pre* 
cipitated, after a comparatively short period, as hydrated oxide of 
manganese (mora or less completoly peroxidised), provided the 
water is sufficiently eerated. 

B. — BBBAVIOim OP CutBONATX OF Manoanbsb. 

Carbonate of manganese, when freshly precipitated and amor- 
phous, dissolves in sea-water in notable quantity, bat is rery 
sparingly soluble in the crystalline form. Further, when carbonate 
of manganese is dissolved in sea-water, it ramains in solution. Such 
solutions do not give rise to any rapid production of peroxide of 
manganese. This is in accordance with what has been hitherto 
asceriiained concerning the behaviour of carbonate of manganese, 
which, as has been shown by BischofE and otheia, is very slowly 
oxidised under ordinary circamstoncea. A. Gorgeu {Com^e» 
Rendua, cviiL 1006-1009) states "that native manganeee car- 
bonate or diallogite is very stable, and remains unaltered after 
contact with (erated water for three years. Precipitated x 
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carbonate^ which has become ctTBtalline, remains in contact with 
mated water, at an ordinary temperetore, without any perozid& If 
the precipitated carbonate remains in contact with rarated water 
for ten yeara about one-third is decomposed, and the product has 
the composition MnOjMnOi- Two specimens, containing reepeo- 
tively eighty and seventy per cent, of manganese carbonate, were 
exposed to air in the dry state for eight years. In the fiist case 
thirtf-thiee per ceat., and in the second fourteen pei cent, of 
manganese carbonate remained — the rest being conveTt«d into "the 
oxide MnO.MnO}." Other obaervan have found that nnder certain 
couditionB, and notably in presence of carbonate of lime, peroxida- 
tion takes place, although veiy slowly. This is in accordance with 
001 own experience. Some eighteen months ago, in connection 
with Irvine and Anderson's investigation on the action of metallio 
■alta on carbonate of lime,* some pieces of coral and chalk were 
placed io a weak solntion of chloride of manganese in Ben-wat«r. 
Interchange haa taken place, and fully fifty per cent, of the 
calciom has been replaced by the manganese. The outer portioa 
of the coral is blackened, owing to the peroxidation of the carbonate, 
and the bottle in which the coral was placed has become covered 
with a film of peroxide of manganese. There is also a distinct 
precipitation of peroxide in the liquid. 

C. — fiBHAVIOUB O? SULPHIDB OP MaNSANESS. 

Predpitated sulphide of manganese in a moist condition is well 
known to be very unstAble in presence of oxygen or air, and rapidly 
becomes brown owing to peroxidation. It also behaves like an 
alkaline sulphide towards certain metallic salts, and even gives up 
its sulphur to feiiic hydrate, as was found by Buchanan (see his 
paper read befora this Society, December 1890). In the presence, 
however, of carbonic acid snlphide of manganese is quickly and 
completely decomposed — sulphuretted hydrogen being j^ven off and 
carbonate of manganese formed. This decomposition of sulphide of 
manganese takes place even when the carbonic acid is loosely 
combined, as in solntion of bicarbonate of Ume or manganese. 
Further, in the presence of carbonate of lime and oxygenated eea- 
* Fne. Soy. Sac. Edin., vol zvL, p. 819. 
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water, BolpMde of manganeBe is not peioxldised, carbonate of 
manganese and sulphate of lime being formed. This is shown hy 
the following experiment : — Equivalent proportions of sulphide of 
manganese and precipitated carbonate of lime were added to sea- 
water, and a current of air was passed through the mixture for 
twelve hours. The miiture did not become brown, and when 
examined it was found that the whole of the manganese had 
been converted into carbonate, and the lime into sulphate. A 
similar quimtity of sulphide of mangauese to that need iu the above 
experiment waa mixed with distilled water and exposed to the 
action of a cnnent of air for a like period. It became browu, and 
instead of giving off sulphuretted hydrogen on addition of hTdio- 
chloric acid, chlorine was evolved, so that the decompoaition of the 
sulphide by oxidation was in this case evidently complete. 

We find, further, that when sulphide oE manganese is added to 
aea-water, in quantity oot more than sufficient to farm carbonate of 
manganese with all the carbonic acid present in the sea-water, the 
sulphide is completely decomposed, sulphuretted hydrogen liberated, 
and the manganese dissolved. 



These facte appeared to us to be incampatihie with the theory of 
the formation of manganese deposits propounded by Buchanan, 
which hitherto had appeared to us to ofier a very plausible and 
probable explanation of many of the points coonect^d with these 
curious formations. 

In this change of view we were confirmed by the following 
experiment : — 

A mixture of ferrous and manganons carbonates was added to 
sea-watei along with a quantity of decomposing mussel flesh, and 
the whole mass allowed to decompose, air being excluded. After 
four or five days the contents of the vessel became black, and 
sulphuretted hydrogen was freely evolved. Air was then blown for 
twelve hours through a portion of the mixture, which was then 
filtered and carefully washed. The residue left in the filter waa 
then examined for manganese, which was found to be entirely 
absent Another portion of the decomposing mixture was examined 
for sulphide of iron. The whole of the iron which had been added 
as carbonate waa found in the form of sulphide. 



■ Google 



1S90-BI.] Mr Irvine aad Dr Gibson on Manganese Deposits. 59 

From the behsvioar of manganese as above deacribed, we bave 
come to tbe concluHion tbat the formation of sulphide of manganese 
cannot be a reanlt of tbe animal life, or the decomposition of animal 
matter at the sesrbottom, as supposed by Buchanan ; inasmach as 
eoft-water containing exceas of carbonic acid must be always present. 
Buchanan does not give any evidence whatever to show that 
aolpbide of manganese is formed, but appears to rely npou the 
supposed analogy in tbe behaviour of iron and manganese. Under 
conditions such as those referred to by him, snlphlde of iron is 
necessarily formed. Unlike ealphide of manganese, salphide of 
iron ia readily formed in the presence of sea-water, whstbei mixed 
vith carbonate of lime or not, and solntions of carbonic acid or 
Incarbonates do not deoompoee it oi prevent its formation. 

Thna in all cases where, through the life processes of animals, 
■alpfaide of iioa is formed as a result of the reduction of sulphates, 
the excess of carbonic acid necessarily formed at the same time 
must prevent the formation of sulphide of manganese. 

This holds eqnally in the case of the decomposition of the dead 
bodies of animals at the sea-bottom. 



On a Diflbrenoe between the Diurnal Barometrio OnrTea 
at Qreenwifdi and at Kew. By Alexander Baoban, 
LLD. 

(Bead Jnne IS, 1890.) 

bi the "Challenger" Report on atmospherical oircuUtion, tbe 
diurnal barometric corves at Gries and Kh^nf urt in the Tyrol, and 
at Cordova in the Argentine Republic, are specially examined. 

The meet noticeable feature of these daily barometric oscillations 
is their very large amounts, those at Gries, for example, though in 
Ut, 46* SO* N., being quite tropical in amonnt ; and the singular 
circnmstanne is that in no season does tbe morning minimnm fall so 
low as the daily mean. Gcies^ Klagenftrt, and Cordova aie each 
sitnated in a deep valley. In such situations, during night, the 
whole Burface of the region is cooled by isdiation below the air 
above it, and tbe air in immediate contact with the ground becoming 
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also cooled, a system of descending air-cunents sets in over the 
whole face of the conntij bonnding the deep vallef. The direction 
and Telocity of these descending cmrents are modified by Uie 
irr^ularitiaa of the ground, and, like conenta of water, they con- 
verge in the bottom of the valleys, which Uiey fill to a considerable 
height with the cold air they bring down from the sides of the 
mountains. Thia cold and relatively dense air rises above the 
barometers which happen to be dawn in the valley, with the result 
that a higher mean praasnre is maintained during the night. In 
summer, when the daily range of temperature reaches the maTimnm, 
the piesBnre during the coldest time of the night is maintained 
0*040 inch higher at Gries than it is in open aituationa in that part 
of Europe. On the other hand, dnring the day these deep vslleys 
become highly heated by the sun, and a strong ascending current 
of air is thereby formed, under which pressure falls nnuanaUy low. 
Thus, while at Vienna the afternoon minimnm falls 0'026 inch 
below the daily mean, at Gries the amount of the fall is 0058 inch, 
and at Cordova 0061 inch. 

The general result is, that in these deep volleys atmospheric prra- 
sure stands much higher during the night and foils much lower 
during the day than is elsewhere the case. The amounts increase 
in proportion to the daily range of temperature ; or, strictly speaking 
to Uie amounts the temperature falls below the daily mean during 
the night, and rises above it during the day. The object of this 
paper is to show that the same rule holds in comparatively shallow 
valleys such as that of the Thames. 

Mr Francis C. Bayard has colcniatod, for the five yeaia 1876-80, 
the diumol range of barometric pressure for nine stations in the 
British Islands, including the two Observatories at Oreenwioh and 
Kew. The paper has recently been published by the Itleteoro- 
logical Council, fn which the Tables give the diurnal range to 
the ten-thousandths of an inch. The diurnal range for these two 
places, which are only seven miles apart, being for the same five years, 
are therefore strictly comparable, and the fourth decimal renders 
possible a more exact comparison of t^e results. 

The following are the departures from the daily means at Green- 
wich and Kew for June, from 9 a.m. to Noon, in ten-thousandths 
of an inch : — 
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20 



Noon. 
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This comparison has been made for the whole year, and the differ- 
ences are entered in their places in the accompanyiog Table, where 
the miuuB sign indicates that, at the hour specified, Kew was that 
amount relatively lower with respect to its daily mean thau Green- 
wich waa with respect to its daily mean, and the plus sign that it 
was relatively higher. 

A longer period of comparison between these two barometers than 
five years will doubtless give still smoother curves than the Table 
indicates. Sfeantime, it is very evident that the ordinary diurnal 
barometric curve at Kew has superimposed on it a strongly marked 
curve, due to the relatively bw position of the Observatory in the 
Talley of the Thames. 
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BaroBraphlo Record in the Yidnity of a Tomada Bjr 
John Anderson. Commiaacaied by Dr Bdchak. (With 
a Plate.) 

(BwdJnneS, 1890.) 

The fluctuation shown by the barographic record occurred imme- 
diately after 6 f.h., at the time of the passage of the tornado of 
Thursday, March 27, 1890, near Owensboio, Daviea Coaaty, 
Kentucky. The distance of the barograph from the nearest point 
of the tornado con be approximated by the evidences of damage 
the tornado left, and did not exceed a mile and a quarter or a mile 
and a half. At this distance to the south-east of Owenshoro there 
is a ridge 150 or 200 feet high, and a large brick house on top was 
onioofed and partially demolished. This is the first evidence of 
destruction in the Ticinity of Owenshoro, but previous to this the 
noise of the approaching tornado was plainly audible to persona gn 
the streets of the town. Until reaching the ridge above mentioned, 
the tornado appears to have passed in the air, accompanied by a 
roaring sound, without doing any damage in its passage. From ft 
point about twelve miles to the south-west a tornado passed over 
the latter city two houra later. The rate of progress of the cyclonic 
area of low pressure, as shown by the signal service map, was forty 
milee an hour. On the same day a parallel tornado passed about 
thirty milee to the south of Owenshoro, near south Carrolton. 
There was none to the northwards. 

The sudden dip in the barometric curve at 6 f.h. of March 27th 
is shown on the accompanying Plate. Though the centre of the 
tornado was from a mile and a quarter to a mile and a half distant, 
yet the barometer fell suddenly about the tenth of an inch, and 
immediately thereafter rose as suddenly to a point nearly two- 
hundredths of an inch higher than the point from which it fell. 
This obserralion, which is new to science, gives the explanation 
of the wrecking of buildings by tornados as by an explosive force 
within the buildings. The sudden lowering of the pressure outside, 
which must greatly exceed the tenth of an inch n«r the centre of 
the tornado, is amply sufScient to account for the fearful ene^y 
developed in these tempeabB. 
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Diagram Shewing thk Barometiiic Curve at Owkssboko', Kentucky, 
OURINC March ijtb, 2Sth. ahd 29th. iti90. Thb X indfcatf.s the hour of 
o<:ci;RKENce OF the Sudden Dip of the Barometer when the Centre of 
THE Tornado passed near the Station. 
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Note on Potaseiuin Persulphata 
By Hugh MftTwhall, D.Sc. 

(BMd February 10, 1891.) 

Persulphoric anhydride and the correspondiiig acid hare been 
known for some time. Beithelot obtained the former by subjecting 
a mixtnre of aalpharons anhydride and oxygen to the ^uve iUctriqtte 
(aa in the prepaiation of ozone), and a mixtnre of the latter with 
Bulpharic acid, by adding the anhydride to water. He also pre- 
pared a similar mixture by the electrolysis of sulphuric acid solu- 
tion in a cell where the electrodes were separated by a porone pot. 
Both substances he found to be very easily decomposed, spon- 
taneously eyolring oxygen. Up till now, however, the correspond- 
ii^ salts have not been prepared. In fact, MendeUef, while 
commenting on Berthelot'a results, expresses the opinion that per- 
Bulphnric anhydride is not a true acid-forming oxide, but a peroxide 
similar to those of the metals barium, lead, &c., aad that Berthelot's 
peisulphuiic acid is analogous to peroxide of hydrogen. Becently, 
however, I have obtained the potassium salt, and have since 
succeeded in preparing it in quantity. 

While oxidising a solution of cobaltous sulphate in presence of 
potassium sulphate and sulphuric acid, by electrolysing it in a 
divided cell, as in Berthelot's experiment, I obtained a quantity of 
white feathery crystals. These were filtered o£F, washed with cold 
water, and dried on porous plate over sulphuric acid. The sub- 
stance was found to possess powerful oxidising properties. When 
heated it fused and soon decompoaed, evolving acid fames and 
leaving a white residue which proved to be potassium sulphate. A 
solution of the subatance gave only a faint precipitate with barium 
chloride solution, hut on boiling a dense precipitate of barium 
sulphate separated gradually while chlorine was simultaneously 
evolved. These properties seemed to point to the salt being a per- 
sulphate, and analysis confirmed this opinion. 

A known quantity was ignited and the resulting sulphate of 
potassium weighed. The residue amounted to 64'2 per cent, of the 
originaL For potassium persulphate theory requires 64*4. The 
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ozidisiiig power was eetimated by titration with ferronB sulphate 
and potaaeium pennanganato. The extra oxygen thus found was 
5-92 pet cent (equal to 35'5 of SOJ. Theory requires 5-93 (35-6 
of SO J. 

I have since prepared a considetable quantity of the aalt by 
electrolysing a solution of potassium hydrogen sulphate in a 
divided celL After some hours the persulphate crystallises ont 
from the liquid surrounding the anode. 

Potassium persulphate dissolres fairly readily in water at the 
ordinary temperature, easily in hot water. If the solution he 
hoiled, especially if it is acid, decomposition with evolution of 
oxygen occurs. By solution in warm water, and cooling, the salt 
can be recryetallised in priama resembling those of potasuum pe^ 
manganate, with which Uie porenlphate is evidently isomorphoua 

Dr Jacoes Walker has kindly determined the electric conductivity 
of the solution, and hia results ahow that the formula is KSO^, tiie 
solution behaving in a manner comparable to one of potassium 
perchlorate (which ia also isomorphoua with the permanganate). 

The solution of the pare salt is neutral to litmus, and appears to 
be stable at ordinary temperatures. It gives no precipitate with 
Bolution of barium salt. With silver nitrate it gives no immediate 
precipitate, but what appears to be silver peroxide separRtea out on 
standing. When mixed with potassium icfilide solution, iodine is 
Uberated only gradually, but more quickly on heating. The solu- 
tion is not decomposed by peroxide of hydrogen. It is attacked by 
ferrous sulphate in the cold, ferric and potassium sulphates being 
produced. If some of the solid substance be added te a small 
quantity of strong ferrous sulphate solution, as the salt dissolves 
the green colour changes to brown, and the liquid becomes warm. 

When the solid is gently warmed with strong nitric or sulphuric 
acid, oxygen highly chai^d with ozone is evolved. Hydrochloric 
acid gives chlorine. 

The properties of the salt have been as yet but superficially 
examined, and no attempt has been made to prepare other peisul- 
phates. I am, however, eugaged in a fuller investigation of the 
subject, and also in examining the behaviour of salts of other adds 
when electrolysed in a divided cell. 
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On the Soaring of Birds; being a Oommitnicaium from 
Mr B. £. Frodde tn amtinuation of (he E^rad from a Letter 
by the late Mr Willuh Fboudh to Sir Wiluam Thouson, 
puUiihed in tltese " Proceedings," March 19, 1888. 
(Read JanusrjG, 1891.) 
The object of the present communication ia to give the purport of 
the remainder of the letter referred to in the title, as well as that of 
other letters bearing on the same auhject written by the late Mr 
Froude shortly afterwards, which were not at hand at the time the 
extract referred to was printed. 

In the extract already printed, Mr Froude expressed the view 
that the continued " aoarii^ " (or " sailing flight," as it has also been 
called) of birds only took place where there was an ascending 
corrent of ut of sufBoient speed. Artd he noticed as an apparent 
exception, which he had observed one day on the passage to the 
Cape on board H.M.S. " Boadicea," that in a very light wind some 
albatrosses were seen eoaiing (manifestly without wing stroke) 
" almost ad libitum," where there conld not possibly be any ascend- 
ing current due to deflection of wind by the ship. He su^ested 
'as a possible explanation, and one which to all appearance fairly 
accorded with the birds' visible movements, that they were availing 
themselves of the ascendii^ stratum, of air which roust have 
ffirtended above the advancing elope of each wave of the well- 
marked ground-swell which was running. From the dimensions of 
this, the maximum upward speed of such ur current wae estimated 
at about 3 feet per second. 

Thtu fax the extract already printed. In the ori^nal letter there 
followed a mathematical inveetigation to determine whether this up- 
ward air current of 3 feet per second could suf^ce for the supposed 
^ecb This I now paraphrase and somewhat abbreviate as follows ; — 
Suppose a bird soaring with constant speed and direction in still, 
or uniformly moving, air ; and let 

a = the angle (taken downwards from horizontal, in a fore and 

aft vertical plane) of the wing surface ; and, 
a + (r<-that (dmilorly taken) of the direction of motion through 

the air. Hence, 
o- — the angle of the wing surface with the line of motion. 

VOL. XVIU. ]/i/81 B 
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The Qett force acting opon the bird, owing to its motion ttinn^h 
the air, shonld be treated as consistiiig of two elements, vis. (1) 
the normal force on the wings dne to their obliquity o- to the line 
of motion, (3) the reetstance due to the ur friction on the wing 

surfaces and body. Taking, then, 

A > total wing surface (one aide) ; sq. ft. 
rA ■= total aorface area as reckoned for computing retdstance ; do. 
Y— speed through the air; ft. per. sec. 
These two elements of force may be expressed thus — 
Normal force (lbs.) = PAV^ff , 
Resistance (do.) - FrAV^ , 

[where F and F are constants appropriate to the resisting medium, 
in this case air]. 

The strict condition of equilibrium for constant speed and direc- 
tion is that the resultant of these forces should be vertical, and 
equal to the weight of the bird. Seeing that the values for a. and 
a with which we have to deal are small, this coudition is defined 
with sufficient approximation for our purpose by the equations — 

FrAV* 
Wa = FrAV*; whence a -^^^; . (1) 

W = PAVS,r; whencetr-p^j; . . (2) 

[when W= weight of bird in lbs.]. 

In Older that the soaring may take place without the bird losing 
level, the air must have an upward motion (or upward component 
of motion), the speed of which (with a similar approximation) may 
be expressed as — 

-V(a + ,r), 

FrAV W 
" W +FAV' ■ ■ ■ (3) 

By equation (1), the speed V depends on the wing angle a, which 
the bird may regulate at his pleasure ; and we will assume that he 
thus assigns such value to T ( = 8ay V,) as gives minimum value to 
V(a + <r). By differentiating equation (3), this value is determined 
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whence, by enbstitDliiiig ia (1), (2), and (3), we get for the cotre- 
aponding valuea ol a, <r, Ac, - aay ay v-^, Ac, as followB : — 

..-ys=«'y5^ (=) 

..,*,T,(-4.0-2-3iy^; .... (7) 

v.<...)-v^gi:-V!^^^ . (8) 

Evffli withont patting namerical Tsluee to the aymbob, we may at 
once note some interesting conclOBiona whicli follow from the etnic- 
tuie of theee eqaatiooB. 

(1) The angle valoes a,, <rj, and (a^ + o-j), bear a constant ratio to 
one another, independent of the values assigned to F, P, r, A, or W. 

(2) These absdute angle values depend solely on -^, (in which 
F and P are constant for a given medium, and r dependent only on 
the proportions of the bird), and are independent of — , or weight 
per sqnate foot of wing area, 

(3) Hence, — influences the value of V,(aj + o']) only as influ- 
encing the speed. 

(4) In aimilarly proportioned birds of different since since -^ 

{or weight per square foot wing area) varies as dimension,yj(aj + o-,) 
Tarioe as square root of dimension. 

Tlua expression, Vj(aj + (r,), besides indicating the minimum 
speed of ascending air current neceesBry for soaring or quiescent 
flight, without loea of level, furnishes also a presumable measure of 
the minimam effort needed to sustain active flight in still air with- 
ont loss of level. For in maintaining his level by active fli^t, the 
bird must be supplying at least the work theoretically equivalent to 
lifting his own weight at the rate at which he would quiescently 
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descend. And the work which can be done per time-unit by 
animalB, when taxing their strength in given degree, ia said, I be- 
lieve, to bear in general a fairly constant proportion to their total 
weight ; in other words, to be an approximate constant when stated 
in the form of the equivalent speed of lift of their own weight 

Hence conclusion (1) above is in accordance with tlie fact that 
the larger flying birds are comparotiTely few, and that the largest 
birds do not fly at all. 

The value of this aapposed approximate constant, viz., the speed 
at whicb animola in general are capable of continnoualy lifting theii 
own weight for a long time at a stretch, if eatimatod from the reputed 
" horse-power " (or equally from the reputed man-power), would be 
about 30 ft per minute, or *5 ft. per second. If, then, the same 
relative power-capacity may be ass^ned to birds as we have estimated 
for the average animal, we might have concluded at the outset, and 
without the aid of the mathematical reasoning which has been given, 
that the upward air current of 3 ft. per second ascribed to t^e passage 
of the waves, would snfflce several tdmea over to enable any biida to 
soar that are able to fly in still air. 

On the other hand, equation (8) above, if interpreted by any such 
numerical values as would be used in any ordinary mechanical 
problem of the kind, ^ves a value for V](aj + trj) much greater than 
3 ft per second, and we aro thus confronted by a serious paradox. 

Mr Froude took for his albatrosses W-=201bs., A -22 square 
feet (figures presumably obtained from the officers of the ship).* For 
F, F, and r, he took (to minimise the paradox) as tiie most favourable 
values which he thought might be conceivably justified, P~---, 

F.«______, , r — 1'5. These values for P and F are approximately 

245,000 

the valuM fairly well established for water, multiplied by the epeufic 

gravity of air ; F not incxeased on the score of the greater viscoei^ 

of air, but P doubled on the score of advantage that mif^t con- 

* Thase figiues give ^ — 'Bl. MBmoraudB of Ur fronde'i inolnde wwghts 

d meunnutcnta Bftenrirds obtuDad, wliiol 
cent meMOTsmenta of my own of *a albitrc 
UuMom of Zoology, Cambridge, give —- 2-S. 



and meunnutcnta Bftenrirds obtuDad, wliioh show macli higher valnsL 
Beoent meMorsmenta of my own of *a albitron preasrved in spirits at Um 
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ooirablf be deriTed from the cnrratnre of the wing miface;*' also 
r is taken as 1'5, instaad of over 2*0 as it prKtia/aae eliould be, 
on the aeon of eddies conceivably annnlling in part the friction 
Ml the nf^ter snrfacea of the wings. These values put into 
equation <8) give no less than 4-7 feet per eaxmd as the value for 
^i(*h + ""i)- TlwM. apparently — 

(1) The formula as interpieted by thoae constants reqaira no leu 
than 4-7 ft. per second rate of deecent. 

(2) The saggeated expUoation of the soaring adtmts of no mort 
than 3 ft. per second. 

{3) The fact that birds can sustain flight in still air adaaii of very 
vmeh leu ttiil, unless we can suppoee that in birds the relative power 
e^Mcity is many times greater than it is in horses and men. 

It is not my purpose here to attempt to clear np this paradox. 
Hr Fronde appean to have considered the formula unimpeachable in 
stractore, at least as a fair approximation (and so I think it evidently 
ia), bat the constants probably in error. At any rate^ he seems to 
have treated the ai^ument from the power capacity of animals as 
sufficient j>nma/(icM evidence that the updraught of the advancing 
wave slopes would suffice for soaring ; because in eubeequent letters 
fas describes further observationB made with the object of identitying 
the occaaiona of soaring in a calm with position of the bird over the 
advancing wave slopes. But fitat be had an opportunity of obeerv- 
iug soaring in a strong wind, under cirenmBtancea which appeared 
to defy the idea that advantage was being taken of local ascending 
correnta. This must be described in hie own words, in a' letter to 
myself dated 14th February 1879 :— 

" But since I have been /lere we have had a lot of 8. E. gales ; and 
though the sea surface has been like that at Torquay pierhead in a 
8.S.W. gale, and thus without any big waves, we have seen a lot of 
vhale birda, as they are called, playing the skim trick in the most 
marvellous and fascinating way. 

"The aU>airo»te» did occasionally ./lap, bnt these birds went high 
and went low, went fast and went alow, with the wind or against 

* As sJaatiflMtioQ for this, Hr Frande snggests the circumstance that in 
the cap uiemometer the ciTcumferential speed of the cups ia acconnted to be 
) the speed of the nind ; hence the relativa speed of the trind fadng the ccu- 
cave BDrfacea ia only one-half that facing the convei surfaces, yet the wind 
pnaomably exerts the same force on hoth. 
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the irind, now hove to cloee to the water, and nau eiiongh to the 
ship for the most definite Bcmtiiiy, and tittax going ahead and up- 
wards if they pleased, not flapping a wing once for hoore, I may 
swear ! — all in such a way as to be dnmbfonndeiin^ nnless it be 
possihle to suppose an ascendiDg corrant apparently uniformly dis- 
tributed over a level ocean, and reaching to at least 60 or 60 feet 
above it, and with a rate of ascent sufBcient to explain the bicd^ 
behaviour. This sQpposition is prima Jade an inadmissible one, 
for the air, if it was all ascending, would leave a vacnam tnet 
the wat«r. 

" At first I thot^ht that the retarding action of .the water friction 
(which was plainly euormons, for it was tearing the water surfsce 
to tattere) might explain the action by the circumstance that the 
retaidatioa would crumfle up the lower air strata endways, and 
by thickening them, would in effect pioduce an ascending motion 
in them. 

" But in spite of the more vigorous frictional action close to the 
water surface, the ascent of the particles due to the crumplii^ up 
would be aU at the surface ; yet the birds seemed to find the ascent 
as active there as anywhere. Still I think there is something in 
this view. 

" Two days later, however, when the gale was a good bit more 
furious, I had a better proof of what was happening, though the 
' how it happened ' is still a puzzle. 

" Yon know how in a heavy gale the sea surfaoe seems to drift 
like diM f Well, in this case, the air was for a long time so full 
of sea spray up to a level of 60 or 60 feet, that it looked as if a 
heavy April shower was passing, though there was a clear blue s^ 
overhead, and sunshine. 

" Now, whatever could carry spray to that height would answer the 
birds' purpoee. To-day the hitds are again about, but the wind is 
only a double reef cutter breeze, if so much ; and to-day, though 
they do a good deal of skimming, they have also to do a great deal 
of fiappiug at intervale." 

As an explanation of the ascent of the particles of spray, Mr 
Fronde goes on to suggest that the ftictional eddies in the air must 
receive their moat effective renewal of energy from the friction on 
their under sides nearest the water surface, and that consequently their 
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speed must be greater on the aacending dde tliaii on the descending 
aide. The particles of spny passing acroas and through the Torticea 
must be anbjected alternately to the npwatd and downward forces 
dne to the aacending and daacending speeds. True, the ascending 
atresms, being thinner in proportion aa their speed is greater, will 
presumably act on the particles for a proportdonatelj smaller share 
of the total time; but the resistance being as speed squared, the 
aggregate upwaid momentmn imparted to the particles will never- 
theless exceed the aggregate downward momentum. 

This suggestion is interesting, as a plausible explanation of the 
phenomenon of the rising spray ; at the some time I haidly think 
the suggested operation con favoui the soaring of birds except by a 
second order quantity. For, in proportion as the bird's speed is 
high (as I thinlc it must be), relatively to the speed of the eddies, 
the effect of the local contraritiee of the eddy speeds becomes to the 
bird one simply of small differences in angle of impact on the wii^ ; 
and, since the pressure on an obliquely moving plane varies simply 
as the angle (for small angles), the consequent difiierences in upward 
pressure would be proportional to the times for which those pies- 
sores act, BO that the aggregate upward momentum and mean upward 
force would be the same as in still air. 

I imagine that the soaring witnessed by Mr Fronde on the occa- 
sion which he describes, is to be ascribed to an operation which, 
BO far OB I know, was first suggested by Lord Bayleigh in a com- 
mnnication to Nabtre of l>th April 1883, viz., a utilisation by the 
birds of the difference of wind-speed at different levels. But this 
explanation evidently did not occur to Mr Froude at the time, and I 
need make no farther reference to it here. 

Mr Fronde's next letter bearing on the subject was dated 
Saldanha Bay, 24tb February 1879, and in it he says : — 

" The voyage up from Simons Bay was delightful ; for 

it was a glassy calm ; and as there was also a tolerably pronounced 
swell, especially the latter part of the way, I was able (and Tower 
helped me) to watch the albatross's flight in a calm, with the 
foUowii^ results : — When flying high they had to flap their wings 
continaoDsly, except when descending. When near the surface they 
' skimmed ' occasionally, and, as for ss we could distlnguiBh, they did 
this only when traversing a region over an ascending wave slope. 



,. Google 



7 2 Proix«ding» of Boy<d Society of EtUnburgk. [sns. 

Very often this waa conspicnoos. Now and then I noticed one or 
moie of the birds ekimmiDg for a hslf-moment at a time in a podtaoo 
whicli mutt have been bo, viz., when they wen hidden, or all bat 
hidden, from ua by a wave creat, the back or the descending side 
of which wee towarde the ship. As the wavea were long and not 
high, it was only by keeping exactly in this position that a bird 
Gonld remain inTisible, or visible only partially and for a second or 
two at a time, aa the wave varied in Itjim a little, or as he rose and 
fell a littta 

" It also frequently happened that two, three, or four of the birda 
were flying in close company, generally in single file. When thej 
were thus flying close to the water, they occasionally 'skimmed,' 
and then after a few seconds began again to flap. And it was 

noticeable that they all made the change tivadtaneoudy, 

implying that they had simultaneously anived at a suitable r^on." 

At the end of a letter on other sabjects, dated 10th March 1879, 
he says — " I have made quite sure that the tkiimtmig birda follow 
the ascending wave-slopes as I had Bunnised." 

These remarks of Mr Fronde seem to make it dear that the np- 
diaught of the advancing slopes of a ground swell in a calm may 
sometimes be a cause of soaring. It certainly seems to be the only 
cause which can account for soaring in a calm or very light wind ; 
on the other hand, it iB a cause which can operate only when there 
is a large swell, and when the wind is either very light or not in 
the direction of the swell. 

Perhaps the most interesting feature of the letters consists in the 
analysis of the theoretical conditions of flight, and the paradox which 
thence results. For this paradox has an important bearing on the 
computation of air resistances in general, and any information which 
may serve to throw light upon it has a correspondingly wide 
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On scnue hitherto improved Theorems in Determinants. 

By Thomas Muir, LL.D. 

(Ba*dJuau7l9, 1891.) 

Most of the theorems in queatdon occur at tlie oiitoet of a paper * 
by Profeeeor Caylej, entitled, " Cbaptera on the Analytical Qeometiy 
of n DimenaionB"; they constitate, in fact, Chapter L The fiist 
theorem I ehould prefer, for the present, to enunciate ae follows : — 

Jf m determmanta of the n** order all have the aame n - 1 eolumna 
in common, and all vanuk, then every deiermitumt of the n*^ order 
vhoee n eolmrme are choeen from tJte m + n - 1 different eotumns 
mtut vamA likewue. 

Taking the case where r»— 3 and n^i, and where therefore we 
have 

we are required to show that the twelve other determinauta of the 
4tfa order formed from the array 

«i "s % «* <h "b 

*i h h h h h 

'^ '^ ^'a "t ^ "e 

di dj dj d^ rf( d, 
also vanish. To this end we note fliet that any two of the given 
three are ccmnected with one of the twelve by a linear lelation, in 
virtoe of which the latter vaniehee when the two former nmultane- 
ooely vanish. If we write the fltat two in the ehortetfoim |1234|, 
11235!, the relation in question is 

|12»4||1267| - |1236||12«| + 11237ill245| = 0, (A) 

7 being the enflix-ntimber of any new arbitrary coliunn. Inter- 
changing 2 and 3 we have also 

|1324i|1357| - 11325] jlS47i + |1327||l345h0, (A') 

and interchanging 1 and 2 in this we have 

|23H||2357| - |2316|12347| + |2317||2345| = 0. (A") 

* CamMdge XathaaaCiealJoitmat, toI. iv. pp. 119-127; or, Collttled Malh. 
P<^CTt, vol. i. pp. 66-82. 
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It is thna seen that the vuiiehing of 11234] and |123G| entaila the 
vBniBhing of il246|, !1345|, |2345|. Similarly from the Tanifihing of 
il234{ and 11236{ we infer the vanishing of |1246, |1346|, {2346|; 
and from the Tonishing of |1235| and 11236) w« infer the vanishing 
of |1256|, 113561, {2366|. 

In the next place all the three original determinants are con- 
nected with one of the twelve by a linear rdation, and from this 
like coQseqaencea ensne. The relation is 

il234ni567| - |1235i|1467| + |1236||1467| - 112371|1456| = 0, (B) 
from which by interchange as before we have also 
j21341|2567i - |2135||2467| + |2136||2457| - |2137||2456l = 0, (B') 
|3214||3567| - |3215||3467| + |3216||3457| - |3217||3456| = 0. (B") 

It is thus seen that the vanishing of |1234|, |1235|, |1236i entails the 
vanishing of |1456|, |2456|, |3456|, which are the last three deter- 
minants of the twelve. 

The identities (A) and (fi) have long been known ; the one is an 
extensional of 

|34||67|-|35||47| + |37||45| = 0, 
and the other an eztensional of 

|234| 15671 - |235||467| + 1236||457| - 12371|4561 = 0. 

These are the first two coaea of a general theorem discovered and 
brought into notice by Sylvester, bat included in a wider generalisa- 
tion of earlier date. Had the determinants with which we started 
been of a higher order than the 4th, we might have required to nse 
the next case, viz., the extensionsl of 

1234(1167861 - |234e||fi7Se| -(- |2317||5d8e| ~ |2S<I8| |e679| + |2S49||Se78| - 0. 

Cayley'a mode of enunciation la : — The 15 (*.&, C^^ equations 



= 0. 

Ci Cg Cj c^ Cj 

independent, but are reducible to 3 ; and if these be 
(1) = 0, (2) = 0, (3) = 0, 
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then any one of the twelve other determiDaats is ezpresuble in the 

'°"° »,(l) + »^2) + »,(3). 

The above demonstration has the advantage of showing what 
$1, 6j, 0^ are in every case. 

There is, however, quite a different mode of viewing and investi- 
gating the theorem. The identities (A), (A'), (A"), (B), (B'), (B") 
may each bo looked on as furnishing the result of an elimination. 
For example, having used (A) to prove that if |1234|k0 and 
|1235{»0 then |1246|~0, we may manifestly view the work thus 
accomplished ae the elimination of the suffix 3 from the given 
equations. The question consequently arises, May the demonstra- 
tion not be presented in the form of an ordinary process of elimina- 
tion 1 

Writing the first given equation in the form 

and the second in a similar manner, 
and &om these eliminating o^ we have 

-a,{IV^,||V^,|} -0, 

from which, en striking ont the common factor lijC^ffjl, there results 

i.e. |a,6jc^dj = 0. 

Turning now to (B), and observing that the result there ob- 
tained is the elimination of the suEBxes 3, 3 from the equations 
|1234)=0, |I236| = 0, |1'236| = 0, we write the said equations in the 
form 

a,\h^A\ - %IVAI + <^h<^*\ - i^iCs'^sl - 0: 
"il^jcAl - «sl*i 
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and thence eliminate 04, Og. The teeult is 





I'iWiil • 




• °.| 




P^i h^i^i ft'V.I «. 




|6^j IVAI IV.^J ». 




ISMJ hvV l»i«AI «. 


. 1 




d, c, 6 


lV,Hi,^ M ■ 




d. «, i 


MH»AI l-h^y ■ 




d. c, b 


MHV.I I'AI • 




d, '. » 



80 that on dividing by [b^c^* we have 

ss was to be proved. 

Let VA pass now from the determinant of the 4th order arising out 
of the rectangolar array with which we commenced to the determinants 
of the same order arising out of the equara array 

''i "2 ^■s <^* «8 «a 

61 6j 6j 64 6( &a 

tf, Cj e, Cj cj c, 

rf, rfj (^ d^ ds <^t 



/i /. /s /, f, U 
and let ua inquire how many of these minors are independent We 
know that the total number of them is {C^t)^ i.t., 225, and that 
they coDBtdtute the elements of the 4th compound of ^'^^^^•Ji^. 
We see farther that the firat row of this compound determinant con- 
aists of the fifteen determinants dealt witb above, and that therefore 
only three of the fifteen aie independent Similarly it follows that the 
vanishing of the first three of the second row entails the vanishing of 
all tlie rest of the row, and that the vanishing of the firet three in thE* 
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third row entails like conaeqaencea. But the firat three elementa of 
the first three rows conetitate likewise the first three elements of 
the fitst three columna ; and the elements of a column are related 
to each other exactly aa the elements of a row aiej consequently the 
vanishing of these nine elementa entails the vaniahing of all the 
other elements of the first three colnmua. Finally, viewing these 
last elements as constitntiog the first three elements of the 4th and 
remaining rows, we see that all the 325 minors will vanish if the 
nine minors common to the first three rows and first three columna 
vanish. 

Had the original determinant been of the n** order and the 
minors formed from it been of the m", the compound determinant 
would have been of the order C^ ., and all the elements of its first 
row conld have been atown to vanish if 

Q-\lAi,. ■• .f^-'i,M-V:3,i,. . .m-l,rn + l\- -[1,2,3,. .. fn-l,H|< 

that is to aay, if n — m + 1 of them vanished. The general theorem 
we kave thna proved is — Alt the minora of the xa!" order formed 
from a determinant of the n"" order will t-onwA ^f (n - m + 1)' of 
themvanieh. 

If the ori^nal determinant be axisymmetric, the componnd deter- 
.minant is also axisymmetric, and therefore the said (n-m+l)^ 
minora are not in this case all differenL In fact, instead of there 
being it - m + 1 different minors to be oounted in each row, there is 
1 leaa in the second row, 2 in the third, and so on, the total thna 
being only 

{„_m + l) + (B_m) + (n-m-l)+ . - . +1. 
i.e. J(ji-m+l)(»-m+2). 

This result was enunciated without proof by Sylvester in the 
PhUoeophical Maganne for September 1860. It appears from the 
foregoing to be an easy deduction &om Cayley's theorem pnhlished 
seven years before. 

Cayley's next tbeoMoa is bonnd np with a certain notation intnv 
duced by him, and forme indeed the fundamental jnatificatios for 
the use of the said notation. To indicate that all the 15 determi- 
nants of the 4th order formed from the aiiay 
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d, d, d. d. d. d. 



Tanisb, Cajle; wrote 



<^ H '=4 'i 
dt dg d. dj 



and the theorem referred to is tb&t if this gronp of equations holds 
it follows that the Bimilar group got by the quaai-moltiplicatioa of 
both Bidee by the deteimiiiBnt l^ftaVgp^tr^rgl holds also ; in other 
words, that so far as multiplication by l^if^vgp^crgTgl is concerned, we 
may view the rectangular array as if it denoted a single enti^. 

Taking the first of the fifteen determinants of the new gronp, 
viz.: 

Xidi + Vi + '-'+Vfl IH'^ + -- 

we see that it is equal to Uie snin of products nsnally teprasented by 
Xi X, A, X. A, A, 



+>w. 


»,a, + . 


■+'<fh 


,,», + . 


■ *««. 


+ft'. 


»,S, + . 


■*'th 


ft»i + - 


■+ft». 


+(S«. 


Vi*- 


•+'.«. 


ft», + . 


■ *p,'. 


+«'. 


'A*- 


■+'A 


pA*- 


■+ivi, 



b, b. 



Ml Ms /^ f»* ^ Ms 



di ff J dj rff dj d^ 
that is to say, it is equal to 

Sjaj^jCgd^l-jXi/ijC^J , 

and consequently must vanish, because the £rst factor of every one 
of these products vanishes. The same is readily seen to be true of 
any other one of the fifteen determinants; in fact, the equivalents 
of tiie fifteen are 
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the difference between an; two lying In the second factors only. 
CooTenely, if 
I Aiai+...+*«ia Ht<ii->-- -■-(-*•«% FjOi+.-.+Kia, nl+-+f^* »ioi+. ..+if,o« Tiai+.. 
■I *i6i+...+»«»* wh+---+»^ 
Aiei+---+*f'l M«i+...+|i« 



or, as K 



f write it, if 





<h 


«• 


".«.«.«. 










i, », S. 4. ». 
e, li a, e, e, 


•IVi'rf'.V.I-" 




<*. 


i, d, d, d, d. 




it foUom tint 








a, a, o, a, o, o, 








6, 4, », K ». ». 


-0, 






a, a, a, a, a, a, 








d, ,«, <^ i, i. i. 




pioTided that |X jijvjp^frsTgl - . For, aa we have aeen, 


giyen equationa are — 




ZKVs-'.l-IV.'rf-J-o.i 








XWiVJIV^a'Tj-O 





where the HnmmatioD'Bign refers to the suffixes, and indicates that 
every poaaible set of four is to be taken ont of 1, 2, 3, 4, 6, 6, and 
that the four indices of the second factor are always the same aa 
those of the first; and if vs solve for the fifteen anknowne 

jOib^^,] , lajfijC^jl , lajfijCgifgl , . . . ■ ilij&^Cjcftt ve moat obtain the 
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reault for each of them, unless the detenninuit of theii coefficients 
polishes. Xow, the determinaDt of theii coefficients is the com- 
pound determinant whose elements are the minora of the 4th order 
formed from \>^i)^^4<ri,Tji, and this by a well-known theoram is 
equal to the 10th power (i.e., Cf,,} of l^i/^gfito-tr^ ■ The theorem 
is thus establiefaed. 

Gayley's last theorem closely resembles his second, being to tbe 
effect that if 

Oi a, a^ a^ ot a, 

6, 6, i, 6, h b, 

Ci c, c, <^ c, <:, 

di dj d, d, d^ dt 
then 



This amountfl to saying that so far as mnltiplication by 



ia concerned, the given rectangular array may be viewed as a single 
entity. The proof here is exactly similar to that of tbe analogous 
theorem, bat is simpler; for the fifteen determinants of tbe new- 
array are manifestly equal to 

that is to say, are merely multiples of the fifteen detenninanto of 
the original array, and most therefore vanish along with them. 
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The condition for the ezisteoce of the converse theorem is, evi- 
dently, 

It is most important to notice that there is no reason for reetrict- 
ing the maltiplier in the preceding theorem to the fonn 



\ \ ». 



The method of proof which we have used shows that the multiplier 
might be any determinant whatever of the 4th order. This puts ns 
in the position of being able to combine Cayley's two analogoas 
theorems into one, as follows : — If an array amnuiting of t rows and 
D columm (r<n) be gttek that all the determitiantt of the r"" order 
formed from it vanish, then the muUiplieation of the array roto-wim 
by a delerminant of the a^ order or eolutnn-mte by a determinant 
of the r* order producei a ntnilar array eaeJi of whose detaminanle 
of the r^ order mU aleo vanish. 
Or, if 
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12 


13- 


■ In 
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r3- 


■ ™ 


11 


12 


13- 


' In 


21 


22 


23. 


• 2» 


rl 


r2 


r3- 


■ m 


11 


12 


13- 


-In 


21 
rl 


22 


23- 
r3- 


.211 



• |uii<at3 ■ ■ ■ (i>„| " , 



-,,. Google 



82 froceedinga of Bayal Socieii/ of Edinimrgh. 

Aad, conTeraelf , if 



I 11 12 13 ■ 
21 22 23 ■ 



■ a-o, 



\r\ r2 r3 • • - m I 
where A is a detonniaaat of the ti" or r" order, then 
11 12 13 • ■ ■ In 



21 



23 ■ ■ ■ 2n 



I r\ r2 ,-3 • 
provided that A :^0. 
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Bquatlonof the (^lissette of the Two-term Oral -4.^ = 1, 

and Oognate Curves. By the Hon. Lord M'Laren. 

(BMd Jviiwry 10, 1S91.) 

The first stop is to find an expression for the distances X, ^ of 
tlie centre of the oral from the guides. These distances are to be 
found separately, beginning with A. 

For this purpose it ia indifferent whether we consider the oval as 
moving in contact with the guides, or whether we consider the 
guides as variable tangents moving round the ciicnmference of the 
oval. On the latter supposition, the extremity of X is evidently the 
locus of the foot of the perpendicular on the tangent of the oval, 
whose equation is given in the title. 

Let f, 1; be the coordinates of this locos referred to the principal 
axes of the generating curve as reference lines. Then, by a known 
relation, the equation of the required locus is 

(i' + V0A-(»f)rin.(i,)5?t . . . (A). 
The distance, A, is the radius-vector corresponding to ( and i; : 
therefore { — X cos ^; i} = Xsin0. 
Sabstitnting these values in (A) we have 



X-I(<«»'» + 


sm»tf)"- 


-X~ 


"^1 = 


l"((«o<«» 


whence 










Similaclf, 


\^-. 


(i.ei»»)= 


T+(dd»»)^ 




^ir. 


(.,i 


.»)- 


' + (4 «»»)=■ 



. . (8) 
(by interchanging sin 6 and cos 6). 

Next, let the cikirdinates of the tracing-point (t.e., its distances 
from the guidee) be denoted by X, T. 

X is found from X in the same way as in the case of the glissette 
of the ellipse, as given by Professor Tait {Proc. Soy. Soe. Edin., 
vol, xvii. p. 2). 

a and r (constants) are the polar coordinates of the tracing-point, 
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reckoned from the centre of the geneiating curve u origin, and from 
its principa] axia as reference-line, and we have, evidently, 
X = A.±r-cos(fl + a); Y = ^±r ■8in(fl + a). 

Finally, by substituting for \ and /i in (1) and (2), we get the 

simultaneous ezpreaaions for the glissette of the two-term oval, tie. : 

Xqfr.coa(tf + a)={<acos^ + (6Mntf);^J^; . (I> 

YTr-Bin(tf+a)-{(fleintf)ii^ + <6cos«)i^}Vi . (D) 

The equations of the glissette of the ellipse may be immediately 
formed from these by making the exponent n — 2. They are 

XTr-cos(fl + o) = {(o«oos*fl-F6%inM)}t; 
YTr.8in(tf + a) = {(a'BiniS + 6*ooB»tf){t. 

This method may be further genetalised ; because the equation (1 ) 
is the polar equation of the pedal of the generating cutve, and (3) is 
the same equation for a correspondiDg point in the next quadrant 
of the podal. Accordingly, wbciiever the pedal of a curve is known 
or can be found, the glissette of that curve can be obtained from the 
equation of the pedal in the manner above exemplified. 

The equation of the pedal being represented by the generalised 
expression ^(R,6,A)'>0, then if the origin of coordinates R,0, be 
taken as the tcacing-point, the two equations of the glissette are 
given (in rectangular cfiordinates, A and ;i) by writing in the first 
equation \ foe £, leaving 6 unchanged, and writing in the second 
equation n for B, and f ^±_^ for 6; 

or *.(A,e,A)-0; *.| ft(fl±|,A | =0. 

For any other tracing-point rigidly connected with the generating- 
cnrve, the first z-and-^ equation of the glissette is derived from the 
polar equation of the pedal by substituting for B, the expression 

*-roo8(« + a), 
and the second x-aa&y equation is formed by substituting for R, 

y-rBin(tf+a) , 
and also changing ^ into (*±2") (HI) 
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In these ezpressions, r is a line drawn from the tiacing-point to 
the centre or origin of polar oiwrdinatee of the pedal, and a ia the 
inclination of that line to the axis of the generating cnrve, or refer- 
ence line for its polar coordinates. 

If the angular coordinates of the generating cnrve and ita pedal be 
of the form, cosm^, the gliasette can be derived from the latter 
without expanding tbe quantity. Thus, if the generating curve he 
the negative-pvdal of the parabola, or 

Rlco8(|-) = a*, (1) 

the equation of the pedal, or common parabola, is 

K »»(|)-.., or R-»»-(|-)-., ■ . (2) 

and the two equations of the gliasette of (1) are b; the above 
formula (lU), 

)(a: - r . coa $ + Z)coe^(-A = a ; 

Again, if the generating cnrve be the parabola (2), the equation of 
tho pedal is 

Rcofltf-a, (4) 

and the two equations of tbe gUsaette are, by (III), 

{ (jr-rco8fl + o)co8tf-a; \ 

{y-rain*+"a).cosU-^j = o, or (y-r-ain tf'+Z) ain tf- -a j T ' 

Ifote, that if the generating cnrve be a parabola of any d^rae, we 
must, in forming the 2Dd equation of tbe gliseette, substitute for 

cosf — ) the value, cosf —J, or, in the caae of the common 

parabola ( - sin 6). Heuce a ia negative in the second of tbe pcur 
of equations (0). 

The quantity $ may be eliminated &om the equations (5) as 
follows r — 

nigiUrrlbyGOOglC 
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The equatiouB of tbe glissette of the parabola, when expaoded, 

xewd-pcosfifi + qainffoMO-a-O; ... (a) 
ymn$~peia^-qma$<MB$ + a-0; . . . (Ii) 

and hy addition, 

x<xia$+yaiD$-p~(i; (c) 

where jj - r cos o, and 5 = rHina. 

Two new equations are to be formed (Ut) by eliminating sin 
between (a) aud (c), and (2Ddly) by squaring (c), viz., 

(py + qx) coi?0 - {xy +pq) COS $ + ay -0; . . (I) 

j/>^a*$-p'+a^<ioe'$-2pxc(m0, or 

(x^ + f)coa''$-2pxcofi0 + {p'-y^) = O; . . (2) 

By (1st) eliminating; cos^0 between (1) and (3), (2Ddly} eliminating 
th« terms indtipcDdent of fi between the same equations, and (Srdly) 
eliminating cos $ between the resulting equations, we find 
{(y' - P*)(*y + Z"?) + 20/WJ/) } { 2/w{py + ?x) - (ar» + yS)(*y +P9-) } - 

{{py+^Xy* -?>*) + <'yi^ + y*)}* ; 

being a function of the eighth degree equated to a function of the 

MXth. 

The elimination of the gliasetlA of the ellipse may be performed in 
the same way, only in tbis cose we have in (n), (b), and (c), instead 
of a and p, quantities containing z^ and y*. Hence for tbe ellipse 
(I) is of the 3rd degree, (2) is of tbe 4th degree, the two equations 
immediately derived from these are of tbe 5th and 6th degrees, and 
the final equation is of the lOth degree. Dr Muir has shown, in 
a paper just read, that the final equation is divisible by a quadratic 
factor, and u thus of the same degree as ile limiting form, the 
' glissette of the parabola. 

Since tbe glitsetlo of any curve may be found from the equation 
of the pedal (supposing the latter can be found), the glissette may 
ba considered as belonging to a system of derivative curves which 
includes tbe pedal, the inverse, the reciprocal-polar, aud (ae shown 
by the writer in a previous paper) the caustic for parallel rays {ftw. 
Jioy. Soc. Edin., 1 890, p. 280). In this system of derivative curves, the 
curves of each species ore defined by a relation between the primitive 
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carve and the coordinateii of its tangents, nonnals, and tadii, and 
the required equation is (ound by elimination between two equations, 
one of which is of the 1st degree. Other curves of the same a;st«in 
exist, and their equations maj be found, e.g., the locus of the 
intenectioB of normals, where a curve moves in contact with rec- 
tangular guides. Here tlie coordinates, x and y, are the differencee, 
P]-iVj and Pj-iTi j Pi, Pi being the perpendiculars drawn from 
the pole of the curve to the tangent guidee, and «, , Vj being the 
perpendicnlars drawn from the polo to the nonnals. 
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ThB Inflnenoe of High Winds on the Barometer at the 
Ben Nevis Observatory. By Alexander Bucthao, LL.D. 

(ReKl Harch S, 1S91.) 

The qaestioD of the effect of wind on the readings of the buo- 
meter was first examined by Sir Henry Jamee in a paper read to 
the Society on March IS, 1852.* The oheerrationa were nude 
during the succeeaion of gales from the south-west which occnned 
in January and Februaty of that year, at hia house in Granton, 
with an aneroid barometer, laid horizontally in aucceaaion on th« 
table of his room in the cottage, on the seat of the open aummer- 
house, and on the surface of the ground close to the annuncr-houte, 
all at the same leveL The anemometer employed was of a *ery 
simple construction, being on the same principle as the inetrnment 
used for weighing letters, the weight or pressure being indicated by 
the compreaaion of a spiral spring in a tube. A table of resnlts is 
added, giving the depression of the barometer in decimals of an 
inch for the velocity of the wind from 14 to 40 miles per hour. 
14 miles the baromstric depresaion was 0*010 inch, and increasetl 
gradnally to a depression of 0*046 inch at 40 miles per hoar, 
fortunately, the number of obeervationa on which the depresaion foi 
each wind-veloci^ has been deduced are not given, and the obser- 
vations in the cottage and those at the open summer-bouse are com- 
bined into one result. It may be safely assumed that the results 
arrired at indicate too lai^ barometric depressions for the different 
wind-velocities as barometers are usually observed, namely, in 
houses. The depression on the lee side of any obstruction in the 
wind such aa a aummer-honae is greater than it ia in the room 
of a dwelling-house. Further, a barometer laid on the ground 
during strong winds will, if the wind bmah briskly over the key- 
hole of the instrument, indicate a less pressure than that of the air. 
Since, however, in such a position, the wind will only at a few 
points have access to the connecting opening between the aaeroid 
and the free atmosphere, it may be assumed that the instrument 
* TnaaadioM, toI. x\. p. !77. 
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will, in the great nuyorit; of caaea, shov a higher raading than 
that of the free atmosphere. For theee reasons, these harometric 
depreaaioiu aie too large. Since 1862 meteorologists have taken 
no action on the reenlta of Sir Henry James's inquiry in diaciusiona 
on barometric readings and wind-Telocities ; and pnutically no 
advance has been made in this branch of meteorology. Yarions 
arrangements hare been proposed, but none of them can be r^aided 
SB satisfactory, to arrive at the knowledge of the actual pressure of 
the free atmosphere during high winds. The difficulty consists in 
finding a perfectly unscreened position for the barometer, and 
aecniingat the same time that the wind, brushing past the sraall 
openings connecting the mercary of the cistern with the air outside, 
will not partially lower the pressnie on the mercury in the cistern, 
and BO tender the instrument no longer indicative of the true 
pnesnre of the free atmosphere. The same remark applies to 
aneroids. 

In carrying out, during the past five months, the instmctions of 
tiie directoiB of the Ben Nevis Observatory to discuss the observa- 
tions made at the High and Low Level Observatories, it quickly 
became ajqiannt that the influence of high winds on the barometer 
was the first ioquiry calling for aeiious attention. The depression 
of the barometer during high winds was plainly so serious as to 
render the examination of many questiona all but a hopeless task, 
until some appmimatiou was made to the values of these depios- 
sioos for different wind velocities. 

Now, since the horizontal distance of the High and Low Level 
Obeervatories is only about four mOes, it follows that the two may 
virtoally be treated as one as regards the geographical distribution 
of preasnie. But the Observatory at the top of the mountain is 
peculiarly exposed to high winds, which are occasionally so violent 
that the observers must be roped together on going outside to moke 
the obaervatioos ; and it not uufrequently occurs that very strong 
winds prevail, while over the surrounding low country calms and 
light winds only prevail. On the other hand, the Low Level 
Observatory at Fort-William is in a sheltered position, and high 
winds are of comparatively rare occuneuce. Thus, then, these two 
Observatories present the conditions which are essential to this 
inquiry, viz., one of the barometen is in a building exposed to 
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winds of all velocities np to at least 150 miles an hoar, whereas the 
other ie in a buitding where either calms or light winds only at the 
time prevail — so that this baronieter may be regarded aa recording 
the pressure of the free atmosphere. It was therefore resolved to 
institnte a comparison between the aea-level pressures of these two 
barometere, employing only those cases when winds at the Fort- 
William Observatory were light 

The scale used on Ben Nevis for the ohaervatioos of the force of 
the wind is a modification of Beaufort's scale, to 12. Much 
attention has been given to ascertain the wind's rata in miles per 
hour, coirespunding to each uf the Bgares of Beaafort's scale. For 
this purpose, a modification ot Bobinson's anemometer was de- 
signed by Professor Chrystal for the Observatory ; and during the 
Umes the instrument ie not frozen op in a thick covering of ice, the 
cominrisoDB have been made. These have been discussed by Hi 
Omond in a paper read to the Society. The compariaon is given 
at the top of Table I 

The ittductions of the barometric readings on the top of Ben 
Kevia to sea-level have been made by Table VIIL preptired for the 
purpose, aa given in the volume of the Tran»aetion» recently pnb- 
liahed,* and the readings at Fort-William in the usual way. The 
dllferencee of the two reduced readings were then entered in columns 
headed 0, 1, 2, 3, &c., and according to the wind force at the Ben 
Nevis Observatory at the time. Table I. givee the mean differences 
for each wind force for each wind ; and the liguies in the second 
half of the Table show the number of obaerVatious from which each 
mean difference has been calculated. The comparison for the nx 
months was made from the hourly obeervatjona at both Ohaeivatoriea, 
from August 1890 to January 1891. But since this period gave too 
few observations for the higher wind velocities for good averagee, 
the observations from January 1885 to July 1890 were utilised for 
the five hours of the day at which corrosponding observations were 
made at ForUWiltiam. Only the wind forces from fi to 11 have 
been thue utilised, and the results have been incorporated with 
those for the six months, and entered at the foot of Table L In all 
4696 of the Ben Nevis observations have been reduced to sea-level 
for these comparisons. 
^ . " Ttom. Boy. Sot. Ediit., VoL xxxiv. pp. SO-OI. 
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Tbfi following Bummarisea the results, showing the depression of 
the barometoi with each wind velocity : — 
Mil«a per hour. Bsro. Deiireasioii. 

-O-OOl 

S -OOOi 

18 -0-006 

21 -O-OIO 

81 -0-014 

39 -0-020 

Thus in calm weather, the two reduced barometeTS are practicallj 
the same, but with every increase of wind the depression of the 
barometer steadily augments. It is not till » velocity of more thaa 
20 miles an hour is attained that the depression amounts to one 
hundredth of an inch. At 63 miles an hour, it la 0*050 inch ; at 96 
miles, 0-104 inch; and at 120 miles, 0-160 inch. The amount of the 
depression of the barometer is thus practically proportional to the 
velocity of the wind, from lero to a velocity of 120 miles per hour. 

This depression of the barometer is no doubt occasioned by the 
wind drawing out the air from the room where the barometer i* 
hang, as it rushes past the observatory, thus producing a partial 
vacuum and consequently a lower prossura If a window or door 
is opened on the side of the room exposed to tlie wind, the readings 
of the barometer are thereby raised ; whereas on the lee side of 
buildings, in rooms connected therewith, and in rooms with 
chimneys, the barometric readings are lowered. Kow, as the 
barometer of the fien Nevis Observatory is hung in a room, with 
the usual chimney, door, and windows, these results may be regaided 
as applicable to the readings of barometers generally, since they ire 
in ahnost every case suspended in situations similar to that of the 
Ben Nevis barometer. 

In a paper on the Mean Atmospheric Pressure of the BriUih 
Islands, published by the Scottish Ideterological Society ten years 
ago,* monthly and annual isobars are given for every two-hun- 
dredths of an inch of pressure. These isobars show a lower 
pressure over those parts of the country where the prevailing winds 
are stronger than elsewhere. It may now be regarded as probable 
that the curved courses taken by the isobars do not indicate any 
* Journal Sect. Mttctml. Soe., new asriea, voL vi p. 4-40, 
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real lowering of atmoapherio pieaauie in these dietriote, but are 
only an iDcreaeed depteasion of the barometer brought aboat by the 
stronger winde which prevail ia those parte of the country. 

la forecasting weather it will be necesaary to keep this effect of 
high winds on the barometer constantly in mind, with the view of 
arriving at a better approximation to the real geographical distribn- 
tioD of pressure at the time the forecesta are being framed. 

In working out the question of the barometric gradient from 
actual observations, particularly the relatione of the higher gradiente 
to the wind velocities, the resulte hitherto arrived at cannot be said 
to be aatisfactory. The reason is that, while the wind velocities were 
known with tolerable accuracy, the pressure of the free atmosphere 
could not be dealt with, because the obeerratLons did not record it ; 
what the observatories recorded was ouly the barometric readings, 
not reduced proportionally to the force of the wind at each observa- 
tory. For such discussions to be satisfactoiy, the amount of the 
depresaion of the barometer, owing to the force of the vind prevailing 
at the time, should be approximated to and allowed for. 

Table II., showing the mean diurnal variation of the difTerences 
between the two reduced barometers for the six months baa been 
prepared in tbie way : The differences for each hour of the day 
were corrected by adding, in each case, the correctione indicated in 
Table I., according to the wind force at the time, from which the 
monthly means were calculated. . The six months' means show that 
from 7 p.K. to 9 a.h., the reduced High Level Barometer raada 
the higher, and from 10 a.m. to G p.m. that it reads the lower. 

In these reductions the mean temperature of the stratum of atmo- 
qthere from the bottom to the top of the monntain has been assumed 
to be the same as the mean at the two observaloriea. If it be sup- 
posed that the diurnal variations for the six months in Table IL are 
simply an expression of the degree to which the mean temperature 
of the two observatories falls short of, or exceeds, the mean of the 
whole intervening stratum, it follows that during the warmer hours 
of the day the temperature of the whole iatervening stratum ia 
about 0**8 lower, and during the colder hours of the night 0°'8 higher 
than the mean of the two observatories. 

The variations of differences are of course much larger and more 
uniform in their distribution during the hours of the day. It will 
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be olwerred that the meaiu for Anguat and September differ eon- 
aidenblf from each other. The leealts point to two marked 
peculiarities in the differences of the radaced barameten ia wet, 
cyclonic weather, an shown by the Aagiiat curre ; and in dry, anti- 
cyclonic weather, as in the September cune. Daring the times 
of abnormally high temperature and great dryness, which at« so 
characteristic of anti-cyclonic weather, the reduced barometer at 
the top reads higher than at Fort- William ; and, on the other hand, 
daring advancing cyclones, when &e atmosphere ia highly charged 
with vapour, the reduced barometer at the top reads lower. 

Table IL — Showing the Mean Diaroal Variation of the Differences 
between the Reduced Barometers of the two Obaervatoriea for 
the Six Months ending January 1691. The niinua sign indi- 
cates that the mean of the reduced High Level Barometer was 
the lower of the two ; no sign that it was the higher. 
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Elleotrolytio ^ntheeda of Dibaaia Acids. Alkyl Deriva- 
txrea of Suooinic Add. By Profeesor Cmm Brown 
ud Dr James Walker. 

(Bead April e, 1691.) 

{AMroft.) 

In our previous coinmunications to the Society (see Trans, 
szxvL 211) we described the behaviour of the ethyl potaesium 
salts of normal dibasic Rcids on electrolysis. These we found 
always to yield the diethyl ectete of normal acida of the same 
seriea. We bare now extended our investigation to acids with 
side chains, and in this paper give an account of the electrolysis 
of ethylpotossium m ethyl iiialonats and ethylpotassium ethyl- 
malonat«. 

The eaters formed accorlinft to the general equation, 2£tO(CO). 
R".(CO)0- - EtO(CO).R".R".(CO).OEt + 2C0, are evidenUy 
always aymmetrical, so that from methylmalonic acid we should 
expect to obtain symmetrical dimetbylsuccinic acid : — 2EtO(CO). 
CH(CH,).(CO)0--EtO(CO).CH(CHg).CH(CHg).(CO)OEt + 2COy 
This dimetbylsuccinic acid contains two similarly situated asym- 
metric carbon atoms, and is thus, like tartaric acid, capable of 
existence in four isomeric forms — two optically active, and two 
optically inactive, one of these latter (corresponding to racemic 
odd) being a compound or mixture in equal proportions of the 
two opposite optically active acids. Aa the optically active forms 
are produced in equal proportions by any purely chemical process 
from inactive materials, we were justified in expecting to obtain 
by vlectrolyeis a mixture of the esters of the two inactive 
symmetrical dimetbylsuccinic acida 

The synthesis was conducted in precisely the same manner as 
in our previous experiments. 150 grams of ethylpotasaium methyl- 
malonate yielded about 60 grams of an ethereal product, which, 
on distillation, gave a fraction of 30 grams, boiling between 191* 
C. and 206* C. This portion was saponified with boiling alcoholic 
poUsh, and the potassium salt thus formed converted into the 
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acid, which was then extracted with ether. The crade acid mt 
freed from a small qnantit; of an oUy sabstance by diyiog od 
porous tile, and then subjected to syetematic fractional <»7etal- 
lisotioTi from water. We succeeded in separating and purifying 
two acids — one, the less soluble, having the melting-point 193* C, 
the other melting at 120°-121* C. The acids on analysts proved 
to have the same composition, both coneapouding to the formahi 

I. -1166 gr. more solnble acid gave -2100 gr. COj 

and -0737 gr. H,0 

IL -1360 gr. less solnble acid gave -2432 gr. CO^ 

and -0855 gr. H,0 
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7-02 
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The acid melting at 193° would thus seem to be identical with 
the paitt-t-dimethylsuccinic acid of Bischoff (melting-point 194*); 
and that melting at 120*--121* with his anti-«4imethyl8ucciiuc acid 
{melting-point 120°). For further con6rmation we measured the 
electrolytic conductivity of solutions of Uie acids, and found the 
following disBOciation-conatanta : — 

Para-acid, K = -0208 (E = -0205, Bethmann). 

AnlI-acid,Z--0138 {K--0122, Bbchoff and Waldeu). 

In a eimilat manuet we performed the electrolysis of ethyl 
potassium ethylmalonate, and from 150 grams of the salt obtained 
63 grams of an ethereal liquid. The portion of this boiling above 
200°, was saponified, the potassium salt acidified^ and the crude 
acid extracted with ethet and purified as in the preceding case. 
Besides water a& a means of fractional crystallisation, we found 
benzene a useful solvent for effecting the separation of the isomeric 
acids. As before, we obtained in the pure state two adds, 
one melting at 192° G. with decomposition, the other at 130° C. 
Analysis gave the following numbers : — 

L -1252 gr. acid, melting-point 192° C, gave -2630 gr. CO, 
and -0916 gr. HjO 
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II. -1224 gr. acid, meltmg-point 130* C, gave '2465 gr. CO, 

and -0894 gr. H,0 

Found. 
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612 
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H 812 

The acidfl have thus the composition of diethylauccinic acid, 
and &om their mode of formation are symmetricaL Two a;iu- 
metrical diethylemccinic acids were prepared by Bischoff and Hjelt, 
whicli are eridently identical with oars, vie, para^-diethylsucclnic 
adds, melting-point 192°, with dscompotiitiOD, and anti-«-dietbyl- 
snccinic acid, melting-point 129*. We fonnd the following raln«e 
of the diwociation-constanta of the two acids : — 

Para-acid, £=0237 (K--0245, Bischoff and Walden). 

Anti-acid, K - 0347 (K - -0343 .. .. ). 
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PropoBed Bztecsion of the Powers of Qaatemion DiSte- 
entiation. By Alexander M'Aulay, Onuond Coll^, 
Melboiime. Communicated by ProfesBor Tapt, 

(Bead Deeeinbcr IS, 16».) 

It will, I think, be acknowledged tliat Quaternions, while pro- 
viding for the physicist a machinery much mora natural and 
gcacefnl than the Cartesian, for all conceptions strictly geometrical, 
do not at present aCTord equal facilities for the consideration of 
questions involTing di&rentiation. It is true that there is one 
well-known symbol of differentiation of great utility, which enaUes 
Quaternions to deal in a enitable manner with many such qaestiona ; 
but there are left whole classes of different iations In which the 
symbol is of no avail 

This has led me to the consideration of other symbols of differen- 
tiation, and to a slight generalisation of the powers of &e symbol 
already mentioned. I had thought it necessary only to define tiie 
extensions here referred to, and proceed to apply them. But Pro- 
fessor Tait, while kindly procuring me this opportunity of bringing 
forward my views, has given me &ir warning that the rapugnonee 
of phyaiciBts to wme of my notation may prove an insuperable 
obstacle to their paying any attention to investigations conducted 
in that notation. This personal reference will explain why, in the 
present short paper, ao apology for, and explanation of, the methods 
ate entered into, much more detailed than could otherwise be con- 
sidered advisable or even justifiable. 

In what follows, after an explanation of the proposed changes of, 
and additions to, quaternion difTeroDtial notation, a brief account in 
the abstract is given of the reaeous for and against what con be 
called innovation; and the rest of the paper is devoted to some 
examples of the apjdication to the theories of elasticity and electro- 
statics. I may here ramai^ that, in a short paper like the present, 
• it is impossible to do full justice to the views enunciated, becauis 
for this purpose it would be necessary to go over a lai^ part of 
the ground covered by mathematical physics ; but if the slight 
variations from previous custom indicated below do not meet with 
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that studied discountenauce from all aathoritiea in the matter, which 
I have been aasuced the; muat, I could give in a foture paper some 
few applications of the methods which would probably prove in- 
teieeting to physicists, and which cannot be treated readily, if at all, 
by methods other thsn those in question. 

Aa is well known, Hamilton's symbol V may be defined by the 
ei^nation 

.d .4 ,d 

where i, j, h,x,y,z have the aeual meaninge. Hamilton himself 
did not examine the utility of V . This explains, most likely, why 
fas did not state more exactly how to consider to what symbols Uie 
differentiations implied should refer. In the simplest applications of 
V these differentiations will refer to that symbol, and only to it, 
which immediately follows the operator. Very little practice in the 
application of V to physical questions serves to show that, if we are 
to be bound by this rule, at least seven-eighths oF the potential 
utility of V must be sacriSced. Professor Tait lias recogaised this 
in the 3rd edition of his Quaternions, where he freely separates the 
T from the symbol or symbols it affects ; and, according to a well- 
known custom, indicates the connection between the operator and 
the symbols affected by attaching the same aat&x. to both. This I 
had already done in a paper to be referred to immediately. We 
seem then to be led by a natural process to the following state- 

Tke operator V and its operand or operands may have any relative 
positioTU in a term whicJi are convenient, the connection betteeen them 
being indicated in the usual way by eu^ea. 

For the propriety of this view, I now wish to contend, although 
at the time of writing the 3rd ed. of Quaiemione Profeseor Tait 
was not prepared to endorse it in full Notwjth standing that it is 
immaterial how great, in a term, be the separation of a V from the 
symbol affected, so long as the V ia on the left of the symbol, he* 
emphatically— obaerve his italics — lays down the law, that the V 
mnat not be removed to the right of the symbol, even the immediate 

* Withn^rd tn the nmof v Profeasor Tut {QwOemiimi, 3rd ed., ) 1») 
nys : — "The precautions neceuary in aacli matters are twofold— (a) The 
operator miut never be plated after Oie operand ; (i) it 
eJioraettr mtitt be caT^Uy kepi m view," 
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right. Is it not akin to incondstency to asy in effect — " It is 
joBtifiable to Tiolate, Tor conveuience, the euetom of writing aa 
operator to the immediate left of the symbol affected, and to indi- 
caie the connection by some other method, bnt the justification 
oaly covers a limited violation of the cnstom. It matters not that 
the new method of indication will equally well aerre vhatever be 
the relative positions in a term of the operator and the symbol 
affected — we will strictly adhere to one part of the restriction 
hitherto imposed upon this relativity of position, though freeing 
onrselvea from the other." 

It may be — bae been — urged that to place a V to the right of the 

symbol affected is as criminally ridiculous as to write X-^ for 



from its primitive position is on a par with writing — XY for 

dx 

It must be conceded that both of these violations of custom ai« 
objectionable, and cannot be justified, unless some convenience 
accrues greater than the counterbalancing inconvenience of having 
to show by some method, other than that of juxtaposition, the con- 
nection between the operator and the symbol affected. Whether 
Buch convenience does exist must be left undecided till we come to 
the applications. Wbat I want to point ont here is, that it is 
extremely inconvenient, and there is absolutely no ground whatever 
for not utilising this new method of indication in all cases vhere it 
is applicable. 

To take an instance. In considering Maxwell's electrostatic 
theory below, we are led to consider the very simple stree% whose 
corresponding linear vector function ift is given by the equation 

where 3) and (£ are the electric displacement and electro-motive force 
respectively.* The force per nnit volume due to this is 

dJA d^- d^^ dV'S)m ^ rfV3)je ^_ dV'S>MS 

dx dy dt ^ dx dy dz 

• Hunell'i MkO. Md Mag., Snd ad., g SS. 
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Now, what poacible objection can than be to writing tbie last 
eqoftlion in the form 

^iVi-VDiVigj . . (1). 

On the left of this equation the 7 , as indicated by the suffixea, lefera 
to the symbol immediately preceding iL On the right it refers to 
both the symbol immediately preceding and also to that immediately 
following: Certainly the ezpTeasion on the right can be written 

bat in this shape we at once lose the connection of form between 
the TcctoT in qnestion and the corresponding linear vector function 
V3)( )«. 

Professor Tait suggeets in his treatise how ench Tectors as ^,7, 
above may be treated. He shows bow we may prove properties of 
the vector, and even suggests a method of writing down the vector. 
Adopting that su^estion, we should have, Instead of equation 
(1) above 

-SVA.^- -8VA.VS)pe.» 

To explain my notation I will quote from a paper t on this sub- 
ject, written in 1884 : — 

"If ^ be any linear guatemion function, ift itself being a function 
of the position of a point 

It is necessary, as will be seen below, that this A should he dis- 
tii^iuished from V. 

Whenever numerical suffixes occur in this paper it will be to 

• Tiit'« QfuUerniotii, 8rd ed., g 608, The following words of Professor Tait 
seem to me to form a powerful arf^ment in favour of ray n/Uural Dolation : — 
" The highta art is the absence a/ artifice. . . . . The difficulties of Physica 
arc.mKdeiitl; great ic theuiBFlveg to tax the liigfaeBt resoarces of the human 
intellect ; to mix them up with aroidable mathematical difficulties is anreasoii 

tittle short of crime In Quktenions, a subject uniquely adapted to 

BoolidUn space, this entirs freedom from artifice and its inevitable compli- 
cations ia the chief featare What is requiied for Physios is, liat we 

should be enabled at every step to feel instinctively nhat we are doinf;. Till 
we have banished artifice we are not entitled to hope for full BUCcesa in sach 
an undertaking" (Tait, "On the Importance of Quaternions in Physics," 
mi. Mag., 6th aeries, vol. ixii. pp. 84-97). 

+ Meti. of Math., vol iiv. p. £8. I have snbstitnted in the present paper 
A tor the v" of the original psper.. . 
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ahow to what qnantities the operahir V refeiB, both the V and the 
qoantitiM having, for this porpoae, the same eaffiz. Thus helow, 

' *^ ' * dx dx dx ay 

One advantage of this notation is, that the V,'s, V,'s, &e., as 
well aa the iTi'b, tr^a, &&, con be treated as mere vectors." 

It is this last statement which points to the moat powerful argu- 
ment for not restricting the position of the V 's in a term in anj 
way. Let them bare all the freedom of vectora, and they wiU obey 
all the lawa thereol As soon aa we allow this freedom, bnt not till 
than, can we draw upon the large storehouse of already accamnlated 
knowledge of vectors.! 

It will be observed that in the above definitions thrae is no abao- 
liite need for introducing the symbol ^ It is, however, as in manjr 
Gases of duplicate notation, extremely convenient Ita diiferentift- 
liona lefer to ail the symbols tn the term in which it occuia Thns, 
for instance, the above equation {1) can be written 

which still more clearly shows the connection between the stress 
V£( )€ and the resulting force per unit volume VS) A f&. 

With these definitions, Frofeasor Tait'a well-known theorems in 
integration can be thrown into a lather more general form4 If ^ be 
any linear quaternion function of a quaternion, then with Profeseor 
Tait'B {Quatenaona, 3rd ed., § 482) notation for iut^^tion — 

* Accoiding to Professor Tsit this mtMt be written in some such form u the 
tollowing :— VVi(Sff^,)ir, or - SViTi-Vv^iS^a-, or -8v»V,ST^,.Vft#,, 
£tbu if the flrat of tbsBG is chosen, it maj be peridneotly uked nhj aymlMU 
which will, in th« nature of things, obe; sll the Uwa of recton, shoald be 
restricited in a purely arbitrary manner in obeying those laws. Why shonld 
we not be allowed to ring all the possible changea on the form of Vviff^iTi 
as on that of Va^&yS, and reap the corresponding advantages 1 

t la the Traau. JUy. Soe. Sdin., ziviL p. SCI (1871), Dr Plur inggMta 
the notation ^''~*j;+ ■ ■ • i ^''""^*+ ■ ■ ■ where r la any quaternion. He 
suggeata no notation for ^i- ■ ■• where ^ la a general linear qnateniion 
ftiDctioD. Hie symbola 4 and o do not obey the laws of vectoia, the first 
only beeanae it is not allowed the fi^edom of a vector, 

t The proof la given in the paper already quoted tiom. 
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M^)''Jir'KVVy^)d^ (2), 

f/^\lydt~fff^t:i.di (S). 

The lut equation ahowe at once, u pointed out in the paper already 
referred to, that the etress ^ (when ^ has the particular form of a 
vedor function of a vector) causes a force per unit volume A . 

Before eonsidering the properties and applications of V in this 
extended form, I will now introduce all the innovotioDS that I 

A large dan of differentiations can be included under a symbol 
somewhat anali^ous to V . Suppose we have a linear vector func- 
tion, ^ of a vector d^Muding on the nine scalars, a,b,c, a', b', «', 
a", b", c", by means of the equations — 

^i-ai +bj +ck 

is -a'i +b'j +e'k 

ijik — a"i + b"J + e"h 

Then a, b, e,ci, &c, can be called the coordinate of ^. Again, 
P, Q, R, I^ M, If may be called the coordinates of tiie self -conjugate 
linear vector function, v, of a vector, if 

wt-Pi +iy + MA 

wft-M»+Lj+ Hft. 

Now, just aa, if u, D, tr are the coordinates of an independent vector 
<r, ^v msy be defined sa a symbolic vector, whose coordinates are 

7-1 ^1 ^— : ao if a, & c, a', (', c', a", h", c" be the coordinates of 
<iu da dw 

an independent linear vector function, ^ of a vector, ^Q may be* 

defined as a symbolic linear vector function, whose coordinates 



If ir be an independent tdf-coi^vgaie linear vector function of a 

* I OM th« iDTerted D to mggMt the uialogj to Hkiniltoii'a inverted A. It 
it adnnble to write 411, vV, Ac, inttesd of Of, Vr, kc., m the nannricsl 
HolBxes mmt be mnch more freqaaatly introduced than the sjmbols ^ or a, 
which may be tgtj frequently anderatood, and it ia not advisable that both 
tb litenJ and nnmerieal snBies ibonld be on the aame aide of the a or v. 
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vector, whose coordinates are P, Q, B, L, M, If, ^a is defined as 
meaning the eymbolic ^If-^onjugate linear vector function of a 
vector, whose coordinates are — 

£ d^ £ i± ,_± ij_ 
dP' dQ' d&' ^dh' *dM' MN' 

Thia twofold meaning for a leads to no confusion, and is conTenioit, 
aa all the focmnlsB which are tme of one a are true of the othet 
also. To a may be attached a system of suffixes for the sama objects 
and with the same meaninge, as in the case of V . 

It is convenient Uiough not ahsoluteJy oeceseary, to introdace one 
other symboL 3nppoee Q(a,/3) ie a function of two vectois, linear 
in each. Then we have 

BO that V J and p, may be interchanged. This particular oae of V 
ia 80 frequent that it is advisable to use a symbol which will cali 
attention to tiie eymmeti;. I therefore define { by the equation 
Q(Vrf,)-Q«„«. 

Similarly, if Q(a,/3,y,fi) be a function of four vectors, a,p,y,S, linear 
in each, we may put 

Q(v„p„v,p,).(j({„w,«, 

and BO to aoy number of purs of ^s. Of conree if there be only 
one pair the sufBz may be dropped entirely. 

I now abate a namber of theorems in pure mathematics which will 
be dseful, for brevity leaving them unproved. 

If ^ be any linear vector function of a vector, and <f>' be its con- 
jugate, 

*'<o- -{S(u^ (4), 

(*-f)« = VV£^.» (5). 

tf Q('».j8) be any quaternion function of two vectore, a and )9, 
which is linear in each, 

Q{£>*0=Q(*'«) (6). 

To apply this in practice, it ie convenient to remember it in words : — 
In any term in vihteh { and ^ occur, ice may, wiihout altering thf 
value of that term, mihatituU for them 4.'^ and { retpecHtdy. (It is 
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not necesssTT to say tbat the term ia linear in eaet of the s^'mbole 
{ and ^, for from the definition of J it must be bo.) If 






(T). 



(8). 



I/(itK »ipnmfMeal mi ih ayiwHtvenU, and if 

««,»«- SQ(.,ft / • 

U t» hkve tbe dahiI* ntaaning with reference to the linear vector 
function ^ 

0— S{,iASK«.«. (9). 

From these we deduce that if 

^bi = — S«n V.<r I 

, 3TV,7 , So..r,ga 

* "'■~SV,V,VB8<r,<rg<i-;V .... (11). 

If ^ and ^, two linear vector functions of a vector, be connected 
by the equation 

where X ia &ptrfeeUy arbitrary linear vector function of a vector,t 
it follows that 

or, again, if x he self-conjugate but otheTwisa perfectl; arbitrary and 
the above equation bold, it follows that 

where 

2^-0 + ^' 
and similaily for i^, i-t., ^, ^ are the pure parts of and <^. 

* Taifa QutOtrnion; 3rd ed., gg IBS et Meq. 

+ Tliis frequently -racuning and cumbrouB phrftse ia very innojing. Higlit 
I Buggeut the term EamiUonian. ThnB, in the present case, we should »fj~ 
"If^ >nd it be two Hsmiltonians connected bj the equation 8^xf~^^C(C 
whin X i* ' parfccU; atUtrtry Hamiltouian," kn. 
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If Q be any function of an independent varUble vector tr, we 
already know (Tait's QuatemioM, 3rd ed., § 480) that 

dQ= -Sdcr,V.Q (12). 

A similar theorem in a holds. If Q be any function of an inde- 
pendent variable linear vector function of a vector ^ (whether 
general or self-conjugate) 

dQ--Q,Sd«#a,£ (13). 

From this it ia not faaid to show that a ia an invariant. Iliat ia, 
it ia a symbol, independent in meaning of the three matoolly per- 
pendicular unit vectors, i, j, k, used in defining it. 

I now proceed to a few examples of the nse, in the subject of 
Elaxticity, of the symbols introduced. 

Assuming uniformity of temperature throughout, let us investigate 
the general equations connected with the state of an elastic body. 
The two usual assumptioas will not be made (1) that the strain ia 
small, and (3) that there is no molecnlor couple. Let dt be the 
vglnme of an element in aome standard Btat« — say the initial sbtte. 
We assume that the pot en. of any finite volume of the body is of the 
iorm /jf/itxk, where te depends only on the e^te as to strain of the 
body at the point. (Notice that it is not here assumed, as I 
believe is invariably done, that vt depends only on the eoordwatea 
of pure strain at the point. It may, e.g., so far as we know at 
present, involve also the space-derivatives of those coordinates. 
We do, however, asaome that it is not a function of the state of the 
body at a point that is at a finite distance from the point under 
consideration.) 

Oar first object will be to get, not the equations of motion, but 
the equations connecting stress and strain. As will be seen, Uiese 
two problems are not neceesarily identical The plan adopted is to 
assume the body to be strained in the most general manner. Then 
impose the most general small additional strain, and use the prin- 
ciple that for any finite portion of the body 

fffhvidi •= (work done by stresses on boundary of portion) 
— (work done by stresses throughout volume of portion) (14) 

Let p be the coordinate vector of tite elrauent (2c in its staodanl 



■ Google 



1800-91.] Mr A. M'Aulay on Qitatemion DiffererUiaiion. 107 

positiuii, p tbe cooidinate in the Btrained poaidon, and p' + &p' in 
the additionall; stnined pOBition. Let V have the usual meaning 
irith T^ard to p and 7', the aame meaning with repaid to p' (m 
that in the notation of p. 103 abave, V = <'V}. 

Let at a giTen point n be the vector area of an elementarjr inter- 
face t'n its rirained poeition. llien (Tail's Qfiaiemuma, 3rd ed., 
§ 60?) the force dne to streag on this area wiU be ^m, where ^ is a 
linear vector fonction not neceiwarily aelf-conjagate. ^ is a function 
of p'j or of p only, and does not in any way depend on u. The force 
and tbe couple per unit volume of the etraiued body due to thia 
BtresR are respectively {Meat. <^ Math., vol ziv. p. 29)^jVi (or 
^', as it might in accordance with the meaning of A, explained on 
p. 104 above, be written) and V£^ (or VV;^,' or V V,<^ as it 
might be indifferently written.) Let now Uy',(b' etand for the 
unit Donnal and element of surface at a point of the boondary of the 
portion of the body considered, in its strained state. Let also it' 
stand for the strained volume of the element d^ Then noting 
Uwt by Tait'a Qtuaernions, 3rd ed., § 384, the rotation of the ele- 
ment due to the additional displacement is YVip'/i, we see that 
the last equation givee 

J//'&wdt - -//aSp'ipVy'da' +j(ff'W<)>iVA' +^S«r>'A'. 
where t is put for V{^/S, and ,*. (equation (5) above). 

* = ?+¥.( ) (15), 

where ij> stands for the pare part of ^ 

Transforming now the suif. int. into a vol. int. by equation (3) 
above, we have 

//^•^Vv'dt- -^SSpWA' 

=./!7(8!W*T; + S^'*.'p;)rfs'. 

Combining thia with the other volume integrals, and noting that 

we get 

f/fhedt^ -/f/^p\4>v\d^' . . . . (16). 

There is an important result that flows at once from this eqnation, 
true whether the strain be small or great, and which, I believe, has 
not hitherto been noticed. Into the «xpre88ion just obtained for 
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the variation of the pot en., ^ does not enter in sJl its genenli^. 
A linear yector fanctioD, such as ^ can only be split np in one «^ 
into what may be called a pnie part, ^ and a rotational part, ¥< ( ). 
For the first part 6, and for the last 3, independent acalara must be 
assigned, and it is only the fint 6 that have anytbing to do with 
the pot en. Expressed in physical langos^ : — A ttrex eon only 
be iplit up in one way, into too ilretaei, of which the fret ti om 
ordinary itrese, producing no conpik per unit volume, and tfie eeeond 
w a couple-airess. The latter ie quite independent of the pot. en. 
Hei», by a " cooplfr«tress," is meant a stress which produces on any 
interface, whatever be the direction of its normal, a tangential 
force. Shortly stated, the above may be put; — The part of the 
ttreis to which the couple per unit of volume ie due, u independa^ 
of the pot. en. This is strictly analogous to the well-known 
coiresponding strain theorem that the rotation of an element 
is independent of the pot en.* 

We may anticipate here by aaying tbat this part of the stress is 
therefore also independent of the strain, though of course other 
means enable us to determine it In fact, in order that an element 
should not have infinite angular acceleration, it is easy to see that on 
the whole it must be subject to zero couple per unit volume. In 
other words, if ^ be the given external couple per unit volume 
of the unstrained body 

3R + 2m«-0 (17) 

is the equation which gives the part of if> we have called c Here 
m stands for ds'jdt, so that by equations (9) and (7) above 

= SCiC^sS^ij-^fl^fs I ■ ■ (18)- 

= 8^iV,V,Sftp>, } 

If g be the given external force per unit volume of the unstrained 
body, we must have for equilibrium 

g + «/^,V; = (19), 

or _ 

g + m(^V;-VV'0='O (20). 

* That th«r« Es it leut rery gn.v« doubt whether kdj snch thing as a 
molecalar conpls, mi thereforo that a atreu-couple exista (even in the case of 
magnetism), I hope to ahoir on some futnre occasion. It is \rn\l to Iram, hoir- 
ever, th« uatnrs of th« phenomenon, if it peasiNji exist 
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This givm na a very simple wa; of dealing with the eztemal 

ooaple vhea the straiiu are small. For in that case we may pat 

m — 1 and V = V , wheo the equations become 

SW + 2.-0 (21), 

g + ^4-TVf = (22), 

«, ioBteod of the last, 

(g + JVV3)I) + *i=0 (23), 

ao that the matiiematical problem is the same aa if there were no 
exteiDBl coaple, hut instead of the given force % there were the 
force S + l^^^- ^ ^"f P^'* '^' ^^^ given data consist of 
surface tractions, we must add that the given surface traction per 
unit surface %, must be replaced by g, - JVUvSJI, where Uv is 
tiie unit normal at the point. 

Returning to the consideration of equation (16), we see that if 
the portion considered be limited to the element dt, we obtain 

he- -mSSpl^V'i (24). 

Before proceeding further, we must consider the strain a little 
more closely. Let x ^^ Professor Tufs (Quaiemums, 3rd ed., 
g 384) atnun fnnctiou, ao that 

Xm= -S»V.p' (25). 

The phyeical meaning of x ™^7 ^^ ^^ explained. Let u be the 
vector coordinate before strain of any point F, very near to another 
point 0, relatively to the latter; then x" ^ ^^ coordinate of the 
strained posiUoa of F relative to the strained posi^n of 0. In 
symbola 

^p'-X^ip <26). 

From this equation we may at once dednce the expression for 
V in terms of V and conversely. For 

Sdp V = S(ip' V ' ■= S;pip V ' - Sdpx' 7 ' 
. ■ . since dp is perfectly arbitrary 

V-x'V'.rV-x-W (27) 

We have thus from equation (24) 

8te= -mSSft^'-'V, (38). 
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Now 

Sx«*= -Vi8"^i (29)- 

Hence we see from equation (7) that in any expressioii, linear both 
in V^ and Sp^, such as the last expression for Sw, we tobj substi- 
tute instead of these two ^ S^C respectively. Hence 

Sw.-TnSSxUx'i (30)- 

This expresses Su in terms of the Tariation of strain. It is con- 
Tenient to modify the last equation by means of equation (6). 
Applying the rule given in connection with that equation, and 
changing i,x'"'£ into x~'t£ respectively, we get 

8«,= -mSSxx-'C*t: (31). 

Suppose, now * that the strain ^ is made up of a pure strain <^, 
followed by a rotation of g{ )q~\ so that 

Xw = q>lfwq-^ (32). 

Then it is easy to prove ttmt 

Subitituting in the last expression for Sw, we get 

The first term on the right is tero, ' . ' YC^° 0. That Sq ehotdd 
disappear from the expression for fiv is, of coarse, what we should 
expect. It is, however, well to show that this follows as a mathe- 
matical consequence of our fundamental assumptions. We now 
have 

Sw- ~ mSS^-'lq-'^q 

[by substituting for x~' in terms of ifr and q] 

[by substituting t,qtq-' for q'^tH.C respectively] 

* See Tait'i Qualemioiu, 3rd «d., g SSI, where it it ihown bow to deter- 
mine botli i|r and g in tenia of x- _ - . 
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when « is ft Belf-conjogate lioeoi vector fanction of a vector defined 
by the equation _ 

»« - y~'0(?<»2''')2 (33). 

Snbetitating C't''\ fo' ^''Ct respectively in the Ust ezpTeaaioQ for 
6tB, we finally get 

8w--mSS^Cw^-'f (34). 

Thus the only infinitesimal appearing in Sw is S^. It follows that 
w can only be a function of the pnre strain iji. Tbis is not an 
obvious tmth, ae I hare before remarked. Assuming it now, we 
have by equation (13) 

Comparing this with the kst equation, and noticing that S^ is a 
perfectly arbitrary self-conjugate linear vector function of a vector, 
we see (p. 103 above) that 

2^w=m(ar^-" + ^-'H-) (35), 

'-' i(*^~' + ^~''^) ^ ^^ P"" P^*^ °^ nV*"'- The last equation 
can be easily shown to lead to 

msu = ^tr^ + y^^ . . . ^ 
where [■ . . . (36). 

This, with equation (33) above, completes the present problem of 
ezpreBsing the stieea ^ explicitly in terms of the strain q and ip. 

V can be easily ahown to be that stress which ^ becomes when 
the body is rotated by the operator q'\ )q, withoat altering the 
force exerted across any interface of the body. We thne see why 
it is V and not ^ which bears the eimplast relation to ^. 

^ or ^ + Yciii, where c is perfectly arbitrary so far as the strun 
is concerned, is the force exerted on the airained area w. This last 
would more properly be denoted by »', Calling it w', and denot- 
ing by « the same vector area before strain, we Iiave * 

»'-»x'"'« (37). 

• By Tdt't tfimtomjiBu, Srd ed,, §§ 1B7, 168, we have VjoiX'— wx" -'V/i*. 
\t iL, » be taken u thi ooalcruunoiu edgsi of ■ miall panllelognm in tk« 
niMtiuiied ttate V^v will be iti vector Brea ; xn, x* will be the edges of 
the itrsined peraUelogrsm, and V'xmx' >t« vector area. 
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Hence the force t^' becomea m^'~'uB>ni^'~^o>+»iV^'~'a. Tliiu 
we see that the force on an elementary area, which before stnin is 
(0, ia a linear vector fuDctioD of to, bat even in the case when there 
is no molecular couple, this function ia not in general (large strain) 
self-coDJ agate. If there be no rotation, this force 

If now the rotation take place this force merely rotates with the 
body, and we get for the force ru on the area, due to the^strun 

™ = }( attu + Vftu+roV€^-'«)g-'. . . . (38). 

It is not hard to aee from Uie above that the conple per nmt 
volume of the unstrained body is 27nqtq'\ The force per nnit 
volume of the anstraioed body can be shown by means of eqnaUon 
(3) to be r A. From these we can write down equations of motion 
in which ^ occurs. To obtain equations of motion in which only 
p and its derivatives occur explicitly we mast adopt a different 
method. 

Consider u a ^ven function, not of ^ aa above, hut of ^ or xx 
(Tail's Qvatemums, 3rd ed., §381). Let 

♦iu = i^-x'X"-^i8<uVjS()>; .... (39). 

In aasuming that k is given aa an explicit function of the 
coordinates of 4*, we are following Thomson and Tait, for these 
coordinates will be found to be the A,B,C,a,^c of Appendix C of 
their Nat. Pkii. 

To see the enormona advantage of employing quaternions in sach 
questions as the present, it is only necessary to compare the pro- 
cesses and results of the present investigation with theirs. The 
results below are considerably more general than theirs, and yet bow 
much leas cumbrous. 

By the methods already so often applied, it is easy to prove 
both the following identities; — 
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Thus we aee from eqiution (30) that 

^--JS{x'8x+8x'x)Cx-Vx'i 

fiat we also have by equation (13) above 

Stt--SS*i,aw£. 
Hence from p. 104 above we see that 

or 

« = -X»aBx', (40). 

(It is easy from here to go back and prove all our previous reeults 
over again. Perhaps this, in fact, would be the shortest method, 
bnt it would not be the most natural To do so it is only neceBsary 
to notice that since 8S^^a£ = Sfi^f^oj:, it can be proved that 
. d — J2i^ 4- ^.a where the diffeTentiations on the right are not to 
act upon ^.) 

Substitute from equation (27) for V in the equatioua (17) and 
(20) of eqaiUbriam. Thus 

Noticing that since by equation (11) 

2mx'"'u=' -Vp'jp'jSuVtVj, 
we have 

mx'"'A — 0, 

this last equation can be written 

g -JVaSx-''i + 'n*X''A = 0- 

Subetitating now for ^ from equation (40) we have 

g-iV3Bx'"'4 + 2x^(H''A = '> (^1). 

or 

VOL, ivm. 2e/4/»i H 
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This u the equation of eqailibtinm of an elastic bod; (solid or fimd) 
subjected to an external force and couple per unit Tolnme of the 
unstrained body § and ^ reepectively. For the corresponding 
equation of motion we hare to equate the left member of this 
equation to D^, where D is the density of the body at the point 
in the standard state. 

In the case considered by Thomson and Tait {Nat. PhU., 
App. C), both % and 9)1 are zero, and our equation takes the 'very 
simple foim 

P,'SVi»awA-0 (43) 

the exact quaternion equivalent of their three equations (7).* 

In connection with equations (41) and (42), it should be obeenred 
that 

«. --JV3RX'- «- + 2x,ai«» .... (44) 

where r has the same meaning as in equation (38). 

The next few applications wiU be of an extremely simple nature, 
and will be confined to work already well known in its Cartesian 
form. 

We now assume, as is usual, that the strains are small, and that 
there is no external couple, and therefore no stress couple. We 
deduce our equations as particular cases of the above, though, of 
conise, if the present were our sole object, we could adopt a much 
simpler process. We may put q — l, ^ — ^— v, 2^— x+X' ""^ 
«.' = <o. Also VC^ato^C-VC^awf-O, and .■, $ of equations (36) 
•■O. Thus equation (36) gives 

*-^aw (45). 

It is worth whila giving one of tliete for oompKrisDii. I may ramark that 
many of the remits arrived at above, tltbough qnite iimple enouf^ in tbur 
qaatemian form to be msuageable, and therefors nsafal, bacome lo cztia- 
ordinarilf complicated when translated into Cartceion Dotation as to be utterlf 
id naelcai. The cqaatloii rsrerred to is 

dx t'diV^ V di da^ dedy ! 

— /a*? ^4. ^ ^ tfte /<fa . , \ \. 
'^ duVd'^dy'^ da di* de\dx )i 

if g^_da , Ap ^ . dw (da 
"*■ El dC dz* da dy iS>\dx 



.d^d«^dm da^d^(da^^y,_^ 
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Since ve aro dealing with smiU atrains, it is convenient to alter 
the notation slightly. Instead of our previons x luid ^ we shall 
DOW write 1 + X and 1 -H ^ raBpectirelj, so that both x and ^ are 
snul), and ^ ie the pure part of x- And, further, we ahall write 
p'— p+ih BO that 17 is the small displacement. Thus 

Xa.--SwV.ij (46) ■ 

^--J<^8»V,+ V,Sb«,,) .... (47). 

Since the strain ^ is small, the stress v, i.e., dw is linear in ^, 
and .'. w is quadratics Now, for any such quodratio expression as 
can be easily proved 

«--JSK^awC (48X 

.'. from equation (45) we have 

«>--}«!.£ (49). 

Also w, being quadratic in ^, is, if regarded as a function of v, 
qnadratic in it Hence 

w=-iswf,a«.{ <S0), 

and .'. b; the last eqnation and p. 104 above, 

^-^a» (51). 

Inatead of regarding w as a function of ^ or of w, it is perhaps 
simpler, from the mathematical point of view, to start with assum- 
ing it a given function of the firat space derivatives of ij. Let, in 
fact, 

w-«(Ti,iji,T,1j) (52) 

when ui(a,/3,y,8) is a scalar function of the vectors a, ff,y,B, which 
is (1) linear in each of its constituents ; (2) Bymmetiical in a and /3, 
and also in y and S ; (3) such thai the pair a, p xaaj be interchanged 
with the pair y, 8 withont altering the value of the function. (If 
this last is not true in the first form of v cbosui, it may be mode 
so by writing Jw(a,/3,y,8) + \vi{y,t,a,p) instead of w{a,^,y,l), as this 
doee not affect equation (52).) Such » function can be proved to 
involve twenty-one independent scalar constants, which is the number 
also required to determine an arbitral; homogeneous quadratic 
function of the tax coordinates of ^, 



■ Google 



116 Proeetdings of Royal Socutff of JEdinburgh. [imb. 

We may from this form of w at once go back to that in teima of 
ij/ by means of equation (6) above. Thus, 

^""eii^HvUK) m, 

or, again, bjr equation (7), 

"-"«i.xCi.fcx« (")■ 

Hence by substitutiDg - {^iipi for ^C,, we get 

and .-. by p. 104 

wu = 2{w(;,w,ti, Wi) (55), 

or, again, by equation (8), 

ir«,-2£«.(i:.«».7i.')i) (56). 

The eqoatioD (23) of equilibrium thus become! in thU case 

g + 2£«>(tA7„,,)-0 (57) 

Tbna in the case of isotropic bodies in which e ia the compressi- 
bility and n the rigidity, we have {Mem. of Math, vol xiv. pp. SO, 
31) 

w« = 2«^ - (c - 3»)oa{^ (58), 

^»-lir«+(l-iWi; ■ ■ ■ m 

TliuB from these equ&tions and equation (49) 
»--»*■{« + (-J -|)sw 

--S.-«"«-(l5.-I5W'£, 
Again, from the first of these equations and equation (6) we have 

or 

2w-nSV,.hSV,i;, + n8V,VjS7,^ + {c--jn)s»Vi, . (61), 
and from equation (56) 

wu- -nSuV.ij-nViSioij,-(m-n)(aSVjj . . (62), 



(60). 
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where n> stands for e -t- -^ . This lut may be derived in a great 

man; other wbjb still mon simple. 
The equation of equilibriom thus becomes 

g = nV*i, + mVSV9 (63). 

As a final application in the tbeorj of eUottcity let ns considet 
6t Tenant's toraion problem from a quaternion point of view. Let 
r, ^ z be ordinary columnar coordinates whose axis ia parallel 
to the generating lines of the cylinder. Let A, /i, p be nnit vectors 
in the directions of dr, d^ dz lespectivelj, so that 

dr rd^ dz 
It is required to determine v a scalar function of r and ^ so that rj 
given by the equation 

i;-T<zr/i + w) (64), 

where r is a given small scalar constant, may satisfy (1) equation 
(63) of equilibrium, and (2) the equation 

0-17(11- -BS<oy.ij-nV,Sttnji-(m-n)<iiSVij 

■t every point of the curved suiface ; u in this case standing for 
the normal at the poink Q having the same general meaning as 
<Mi p. 104 above, we have 

Q( V „.,,) = r{<Q(v) - Q(ft*)] + '<H',i') + Q( ' w)) («6)- 

bt the case when Q is symmetrical in its constituents this takes the 
simple form 

Q(',*)-'('<J('^)+Q(vi>,»)) . . . (««). 

From Uie first of these we have 

V7-T{(2w-rX)+Vw} 

-T{y(j»-it^)+vpv} 

sothatSVi;''<)">^ V*<;-i'V^. Thus equation (63) becomes 

V»o-0 (67). 

From equations (62) and (66) above, we see that in the present 
case iba stress is given by 

w<o- -»T{T<;iSew + i'S«fi) + (i'SwVp+ V»«<u»')} . (68), 
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and therefore consistB of two Bheare ; the firet of magnitude mr, 
with faces perpendicular to p. and v, and the aeoond of magnitude 
n/tVo, with faces perpendicular to v and Vv. AMoroiDg » to be 
tha normal at a point of the curved surface, and therefore perpen- 
diculat to r, we have 

0-rSw/i + SuVu 

TboB 

l-J© <»»>• 

where djdn denotes differentiation along the normal outwards, and 
didl differentiation in the poutive direction round the bonndary. 
The Burface traction on the plane end 

•=llV-nT(r^+ Vv). 
Hence the total moment round the axis 

-nT//{i^~rSp.Vv)dii. 

where dk. ia an element of area of the cross-section, and I is the 
moment of inertia of the croM-gection round the axis. Thus the 
torsional rigidity is, as usual, n\l-\-Jf -^k\. We leave the 

problem here to the theories of complex variablee and Fouriei's 
theorem. 

It is in the general theories of electrostatics and electro- 
magnelism that I have found the methods now being defended 
the most powerful. I have been led to heLeve that there is in all 
the accepted theories which are based on general dynamical reason- 
ing an error of a somewhat serious character. 1 have also been led 
to a considerable modiBcalion and extension of Foynting's theories. 
There are two reasons against giving these here. I have been told 
that this preliminary apology, as it may be termed, for my methods 
should be as short and simple as possible. Moreover, the greater 
part of my notes on this subject are at present inaccessible I 
therefore limit myself in this branch to a single example. 

Maxwell has not investigated what ore the general mechanical 
results of his electrostatic theory foi crystallised dielectrics. 
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AcGoiding to him, the propeities of th« medtDm d«pend on aix 
indepMideiit oonataata for wch point, called the ooefficiente of Bpee. 
ind. cap. Them coefficieots will themMlvee be fanctions of the 
state of the mediam, and therefore in particnlai of its strain. 
Assume with Maxwell that 

e=-Vp, 2)-^ (70), 

where K is not a mere tealar, but a »^-eotytigate linear vector 
fimciion of a vector. K is itself a function of the position of a point 
■nd also of the strain at the point Hera v is for obvionB reasons put 
for Maxwell's V. Assume further, that if W be the pot en. tA tile 
field ; D,(r be the vi^uaie and snrface density of electricity ; and the 
teat of the notation be identical with Maxwell's, 



2 W -ffwds +jC^pD A \ 
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W~//v^+j(jr/fiDds+^///»^<Sa, . . . (72), 
D- -SV3> ir-[8DUi']. + tS3>ir»']» . . {7S), 

the last occurring only at a surface of discontinuity in 'X), Uv point- 
ing awajp from the region of the corresponding "S), and the two 
regions bouuded by ihe surface being denoted by the suffixes 
a and h. In f ntore, such expresaions as [ ]. + [ ]> will, for brevity, 
be writtAn[ ].^ All our intq^rals are supposed to extend 
throughout all space ; though, as E — for couductors, these may 
be excluded. The boundaries of space are the surface at infinity 
and all surfaces of discontinnity in !£ or @. 

To find the mechanical results flowing from ths above astnmptioDS, 
let p be the present (whether strained or not) vector coordinate of 
any point, and let the medium be (additionally) strained by a small 
displacement &), vanishing at infinity. Lei SW be the increment 
in W Then if £W can be expressed in the form 

SW- -/^SH^Vjd, (74), 

■ In taking this for the form of W, and openting npon it u fullom, va ue 
fdiowing Helmboltz for tha partionUr esse whan E is a men ■calar. Sat 
IFita ^M., eqoation [Mi, p. SOS. For the variooa SMumptioiii abova an 
IbxmU's SUdTidtt and Magiutitm, part L 
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ve shall bave the following ezpieesions for 3 utd %, tbe forcee ■pet 
unit TolaAe and surface leepectivelj due to the fllectric Bystein. 

g = ^i g.= -[*UvU^ .... (75). 

And, farther, if ^ be self -conjugate, both these forces will be 
explained by a stress ^ as can he seen h; the above work on stress. 
For proof we hare hj equation (3) above 

where of course the element da is taken twice, namely, once for t^e 
region on each side. But 

SW - - (work done by the system g, %„ of forces) 



where the element de is now only taken once. Equating coefficients 
of the ubitiaiy vector Si; we get the required equations. 

To avoid difficulty at surfaces of discontinuity, 8 when applied to 
a function of the position of a point must be thus defined. Suppose 
that by means of the displacement hrf, any point is moved from F to F. 
Then Q being the value of any function at P before the displacement, 
Q + SQ will be the value at V after the displacement SQ is tbns 
in all cases a small quantity of the same order as % With this 
meaning of S, 8 7 is not » 0. To find it observe that 

S((^ + &2fi)(V +8V) = Sip? 

hut idp~ -SdpV.&) 

whence J V - V jSS^ V (76), 

which might have been derived from the equation (27) V«;f'~' V . 
Assuming that the strain due to bif does not alter the charge of 
any portion of matter, 

0-8(Dds)-8(m&) (77). 

To find SW, notice that 

&ii= -dsSVS^ 
and 

4ir«2)-=,K8e + 8K.®, 
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and.-. 8{S2)edO-(2Sa)Se-SDeSV&,+ ls(S8K®y,. 

Abo j^So.Dd^+J/'So.irdg 

- -^foSVltA+^S«SUv2)<fo [equatioiiB (73)] 

- ^SDVSiKfc [equation (3)] . 
Hence 

«W-^ds|sD{V8o + 8e) -iS3)(SSV8i, + JLsSSKe )- 

Bnt 

78tr+8®= -87. e- - yjSSihVe. 
Hence 



The incremeiit 8K ia conveniently considered as consisting of two 
p«rta — first, &K„ dae to the rotation of the body ; and second, 8E„ 
doe to the change of shape, t-e., the pore strain. If the rotation 
vector dne to Si; be *, i.e., if any vector u becoms u + y«ii, the mult 
of operating on n + Vcu by E + 8K,. must be the same as first operat- 
ing on w by K and then rotating. In symbols 

(E 4- &K,)(u + Yiu) - Eu + VfEu) , 
whence 

8E^-VcK»-Eyf«. 
Thus 

SmKM = SStKe - S(£KTt@= 8irS<a)@ , 

whence giving « its value, JV V 8>|, 

lse8K,e-}SVS,Tll(g. 

If we pnt w for the pot eo. pet nnit volame we have 

w--iS3)®=-^SeEe .... (78). 

K is a function of the independent vartablea c and ip, where ^ is 
the pnre stnun ^ven by 



^--K-hS-Vi+V.Swh). 
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Tboa w may be regarded as a fooction of tlia indcpendeiit variables 
@, c, ^, and we shall hare 

by eqaations (13) and (8) above. 
Thus 
8W = -^^i7i8%(j V ,S3)(S - es U ,3) + }V y ,VDe - ^aw V ,)<fc 

or 

fiW-^^jrsSTidVSVig + ^ateVi)* . . - (79). 

Hence we see that 

g__jV©<i(S-^awA (80) 

&-[iVDU^ + ^awTIr]^ (81), 

and that these fonws per unit volume and surface leepectively can be 
Buppoaed doe to a HticBs ^ given by 

^--JT2)Be-^aa>o. (82). 

From this we see that the streatee in the electric field can only be 
determined when for the particnlar strain existing at any point 
forty-two scalar functions of that strain are known, viz., the tax 
coefficients of specific indnctive capaci^ and their thirty^six dif- 
ferential coefflcienta with respect to the six coefficients of pure 
strain. 

The two parts of the stress ^ (1) that which is independent of 
the variation of specific inductive capacity with strain, and (2) 
that which depends on this variation ate conveniently considered 
separately. 

The first is more general than Maxwell's, because we have not, 
as be does in this connection, assumed that £ is parallel to @. It 
conaiate of a tension in the direction bisectiog the positive directions 
(or negative directions) of both X) and S, of magnitude JT^CTS, 
an equal pressure in the direction bisecting the positive direction of 
either and the negative direction of the other, and a pressure at 
right angles to both, of magnitude — JSSIS w w. This stress, of 
course, reduces to Maxwell's when ^ is parallel to @. 

The other part of the atresa — .ate -g^a,8SKi@ can be only 

i)„j„7<-Mi-,.GoogIc 
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uwfully considered when certain simplifying osaumptiona are made. 
In Fnfeesoi J. J, Tfaomson'a coneideration of thia subject (Appliea- 
tiom o/Dyiuania to Phynea and ChemitiTy, gg 3S and 39), he not 
onlj aMamefl K to be a mere scalar both before and after strain, but 
he also doea not consider the moat general case of stmin which 
iDTolves 6 instead of 3 independent coefBcients. If this last restric- 
tion had not been made, our 42 conetante would have reduced to 7, 
and in hia case they reduce to 4. In either of these cases the stress 

u aunple enough, vit, ^- ^qK .* 

* For otbar particalsr easu of the stress nndar oonetderttioD, see Helmholti, 
WiM, Abk., i. 788; Eortaveg, Witd. A'tm., iz. W; Lorbd^ Wiad. Anti., 
xu. 800 i Kirchoff, Witd. A**., xziv. 03, izt. 001. 
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On tiie InteraotioQ of Lo&Eritodinal and Cironl^r Uagnet- 
isationa in Iron and Xiokal Wires, (Second Hotet) &j 
"BtotoBBOt Cargill Or. Knott. 

(Bod FsbrnBi? IS, 18B1.) 

In t pralimioaiy note communicated lut July,* I draw attention 
to what seemed a novel property of iron wire under the comhined 
influence of circolar and longitodinal magnetisationa. Similar ex- 
periments wen Bubeeqnentiy tried with nickel, and aimilar nealti 
obtained. It appeared, however, that in aome reapecta nickel behaved 
oppoaitely to iron. The first series of observations brought out the 
fact that a current along the nickel wire seemed to assist tbe ac- 
quiring, under a longitudinal magnetising foroe, of a polarity 
oppositely direct«d to the direction of the cnrrenL 

Unfortunately the necessity of atopping work during the hot 
summer months postponed the discovery that mnch if not all of the 
supposed curious effect in iron and nickel was due to the existenoe 
of a twist in the wire. It should be mentioned that the wires were 
set up with great core, being first annealed, then brazed to terminal 
pieces, then annealed a second time under boriEontal tension sufficient 
to keep them straight in a direction perpendicular to the magnetic 
meridian. To one of the terminals two copper wires, laid pandld 
to and on each side of the nickel or iron wire, were soldered ; and 
the set of three wires was placed in position in suitably arranged 
groovea cut along the plane sorfoce of a semi-cylinder of wood. The 
other half of the cylinder was then superposed so as to keep the 
wires firmly in position ; and the whole arrangement was lifted 
from the place where the final annealing had been accomplished 
and inserted into its position in the heart of the magnetising coil. 
Exactly when the wire got twiated it is impossible to say. It must 
have been a small twist ; but that it did acquire a permanent twist 
is sufficiently proved by later experiments in the montha of October 
and November 1690. 

In these later experiments a slightly different arrangement was 

adopted. The wire to be treated, after careful annealing, Wat 

* See sIsD Phil. Mag. lot Septgniber 1S90, 
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slipped through a glass tube a little loager than the internal metal 
wall of Uie tube on which the well-ioBulated magnetising coil was 
coiled. This metal wall was used as the return channel for the cm- 
leot, 80 that all possibility of an appreciable direct electro-msgnetic 
effect of the circuit upon the magnetometer was quite excluded. 
The end of the iron or nickle wire nearer to the m^netometei was 
gripped Tice-wise b; a cleft metal plug of conical shape, which, when 
pushed into the end of the magnetising coil, established good pressure 
contacts between the end of the wire and the metal wall. The 
otber end of the wire projected backwards out of the maguetis- 
ing ooil snfBciently to enable it to be clamped to a twisting 
gaar. From this end, and from the neighbouring end of the tube 
wall, wires well insulated and well twisted together were led to the 
commutator connected with the batterj. 

It was only after a series of experiments, in which the effect 
mentioned in my earlier note was observed to take place sometimee 
in one way and sometimes in the other, that I came to the conclnsion 
that there must be an original permanent twist in the wire. Thick 
wiiea showed comparatively small effects, steel wire showed the 
effect only when it was drawn thin, and so on. Nickel wires be- 
haved in an especially confusing manner, even after the greatest 
care was taken to insert them untwisted into the magnetising coil. 
The twisting gear mentioned above was added to the apparatoe so 
as to make a direct experiment upon the effect of a small voluntarily 
applied twist That large twists might reasonably he expected to 
produce peculiar disturbances in the magnetic distribution under the 
combined influence of longitudinal and circular magnetisations will 
be at once admitted when it is remembered to what an extent twist- 
ing affects the result of either taken aloua I was not prepared, 
however, for Vie pronowieed influence exerted by even a email tieiet 
previovdif extgUng in the wire upon aubaequently applied longi- 
tudinal and circular magndiaaiions. 

To prevent the possibility of such twists being inadvertently 
applied, tlie wire was, in the later experiments, annealed with a 
weight hanging free at the one end. This left the wire permanently 
magnetised under the influence of the earth's vertical field ; but in 
the stronger cyclic field to which it became subjected the wire soon 
loat all trace of this original polarity. After being annealed the 
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win wu gently lowered without rotation hj means of a ecrew until 
the weight came to rest on a sheU. The wire was then sharply eat 
a little above its lower end, the glass tube slipped over it, and a 
second sevetance made near its np[>er end. The glass tube with 
contained wire was next inserted into tiie monetising cnl, and tike 
ends carefnily clamped after the manner already indicated. In the 
following table the tesuits of one experiment with the iron are givan. 
The word " current " means the current along the wire ; the w«d 
" field " meaDS the longitudinal msgnetisiDg force to which tbe 
wire was subjected. A carrent is pontine when it flows in tiie 
direction of the linee of force, of what is conventionally taken as 
the potititK field — that is, in the experiments nnder corudderation, 
towards the east. Under the column headed " range " ia given the 
range of scale leadings corresponding to the cyclic variation of fidd 
under the circumstances indicated. The column headed " polari^ " 
contains the mean of the extreme scale readings. 

For Iron Wire of Diameter 0'9i mm. 



Camut. 


Field. 


BMng^. 


Poladt}. 





± 


S21 


-8 


+2-2 




176 


-7-6 


-2-8 




IM 


-7 







S17 


-4-6 







821 


-2-6 


+1-47 




SOS 


-fi 


-nr 




2oa 


-4 







325 


-7-6 


+ 0-S3 




270 


-6-6 


-0-S3 




277 


-6-(i 


+ 0-5 




887 


-6-6 


-0-S 




2S2 


-7 



Bare, tbe only apparent effect of passing a current along the win 
is to decrease the range of intensity due to a given cyclic vaiiatioii 
of field. The luaoeptibility is markedly diminished, and the more 
so as the enrrent ia taken stronger. Tbere is not the least evidenoe 
of an accumulated polarity changing sign with the current, as de 
scribed in my fint note. 

In the next series of experiments tbe wire (current and fieh) being 
both zero) was twisted right-handedly through an angle of 10* in a 
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length of 18 centiraetrefl, or 12^ tninutea per ceatimetie length. 
The results obtained wen as lallows for this and other twists, all 
iodicated in the first column : — 



Twirt. 


Current 


FMd. 


Bange. 


Polsritj. 


+iy-6 



+21 

-2-1 


± 


8iS 

186 
187 


+ 1-S 
+ 12-S 
-18-5 


+ 2D' 



+ 21 
-21 


I 


850 
1B6 
193 


-6 

+ 17-6 
-21-6 


+ 87 ■'6 



+ 3-1 
-2-1 


I 


S3S 
IDS 
187 


-a 

+ 30 
-*3-C 


+ 12'6 




+ 2-1 
-2-1 


;; 


SS5 
202 

202 


+ 0-6 
-1 





+21 
-2-1 


;; 


207 
211 


-IS 
-3-6 


-87-6 



+ 8-1 
-2-1 


;; 


857 
20S 
206 


+ I'S 
-10-6 
+ S 



In Part IL of my paper on certoia relations between magnetism 
and twist on twisted Iran and nickel wirae,* I have worked out in 
detail the changes of longitudinal polarity piodnced b; twisting a 
wire when a current is pasung along it, or by reversing the cnrrent 
along it when the wire is twisted. In the latter case, if the wire is 
twisted right-handedly (so that any line in it originally parallel to 
the axis becomes a right-handed screw), the longitudinal intensity 
ia co-diiectional with the current in iron, anti-directiomd in nickel 
— a fact first established by Wiedemann. In the light of this fact, 
the experiment just described become intelligible. The sign of 
the polarity acquired is to a large extent determined by the twist in 
the wira In the fourth series in which the wire was untwisted 

* Not vet published. See, howerer, a ibort paper on ' ' Uagnstia Priming 
and Tyigging in TwUted Iron and Nickal Wirea," Jmi/mal of ihe Cotltgt of 
Soma, Imperial OruvertUy, Japan, vol. iiL (I8S9) — Abstract in Wiede- 
mon's BeOtaUeT, roL xiiL 
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back to its fint etage of positive tviat, there is a hint at a change in 
Qie law of the acquirad polarity. It ia obviaua, howoTer, that thii 
is eimply the result of torsional after-efTect. The wire, in fact, has 
become elastically nntwiated, althoagh it has not become ao u 
legarde the relative poeitioiiB of its end-eectioiu. On continoing 
the nntwieting past the original zero, we find that it is some time 
before a pronounced effect is produced. Even for the twist — 37''5 
the difference in the average polarities for the two directions of 
onrrent attaliu to nothing like the first difference for the twist of 
-|-37''5. This comparative vanishing away of the polarity difier- 
ence effect as the wire is partially untwisted is quite anBl<^iiB to 
what is observed when, with no sustained longitudinal magnetising 
force, the current along a wire is reversed at different stages d 
untwisting. 

There is one particular, however, in which the results of tbe 
present experiments differ from what might be expected if the 
accumulation of polarity was simply dne to the magnetic effect of 
the current along the twisted wire. 

First, it should be noted that the twist in a wire subjected only 
to the magnetising influence of a longitudinal field varied cyclically 
lias no determinate effect in causing a change in the average 
polarity. Whatever be the polarity produced by a current passing 
along the twisted wire, we might naturally expect a cyclic field 
superposed thereon to give rise to a symmetrical variation of 
magnetic intensity about this acquired polarity oe a mean. Con- 
sequently the difference of the average polarities for positive and 
negative currents should be equal to the range of polarity when the 
current is reversed in the twisted wire. As a fac^ however, it is 
much greater. For instance, in the cose given above for twist + 25' 
the range of polarity produced by reversing the current, the field 
being zero, was only 25 ; whereas the difference of polarities w 
given in the table is 42. Similarly, for twist + 37''6, the ranf^e 
was 49, as compared with the difference 82'&j for ^e (second) 
twist 12''5 the range was zero ; and for twist - 37''5 the range was 
6, as compared with the difference 15'5. 

The same peculiarity is shown to a more pronounced extent in 
nickel wire, of which I give hero only one experiment. In spite of 
tiie greatest care in setting up the nickel wire, a change of average 
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polarity was in this case obtained at the first putting on of the 
current. The necessary fingering of tlie wire when clamping its 
ends seemed to give a slight twist, sufficient, however, to produce 
the effect spoken of. We may suppose the ezistence of the effect 
to prove that a twist did originally exist in the wire. I shall call 
for convenience this unknown initial twist a!. The lesulte are 



For Nickel Wire of Diameter 0-9 n 



Twist 


Current. 


Field. 


R«.ge. 


Polarity. 


3! 



+ 2-« 
-2-43 


± 


278 
2i0 

238 


+ 20-6 
+ 113 
- *8-6 


i' + 12'-5 



+ 2-« 
-2*3 




287 
287 
23S 


+ 29-6 
- flfl'S 

+ 102-5 



In the first series (for twist af), the range of polarity due to the 
reversal of the current was only 10, whereas the difference of the 
average polaritiee associated with positive and negative currents is 
as much ae 159'6. It will be noticed that in passing from twist a! 
to twist T* + lO*, the sign of the diffetence of polarities changes 
from positive to negative ; while the amounts of the differences are 
neatly the sama This would indicate that / had a value of approxi- 
mately -5'; so that z'+lO becomes +5'. I am by no means 
satisfied, however, that (in nickel wire at any rate) there does not 
exist a measurable difference of polarities due to the current only. 
The great difficulty is to be sure that no twist esiete in the wire ; 
for it is qnite evident that a very small twist is sufKcient to produce 
a very large average polarity, when the wire is subjected to a steady 
circolarly magnetising force in conjunction with a cyclically vary- 
ing longitudinal field. If the effect is due only to the twist in the 
wire, we have here an extremely sensitive process for demonstrating 
the existence of a twist, especially in nickel wire. 

The whole subject calls for more detailed discussion ; and I am 
impelled to communicate these earlier results chiefly with the desire 
of correcting any false impressions that my preliminary note of last 
July might very easily give rise to. The facta there described are 

vou xviii. 30/4/91 I 
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accurate ; but ve see now that the more curioue of them are com- 
paratively easily explained as being due to an initial twiat in the 
wire of a few minutes per nnit length. Thia ia true not only of the 
average polarity acquired, but also of the asymmetrical form of the 
curve with reference to the line of zero field. For, as may be eeen 
by a study of Ewing's curves {e.g., PhiL Tram., plate Ix. fig. 17, 
1885), such an asymmetry exists in a cyclic cnrve taken about a 
mean value of field other than zero. Sow here we have a finite 
mean value of longitudinal intensity supported by the current along 
the wire. If, in the curves shown in the preliminary note, we shift 
the upper narrow graph to the right and the lower one to the left 
BO that their mean points have ahscissie equal to the lungitudinal 
fields corresponding to their ordinatee regarded as intensities, we 
shall see at once a sufficient reason for Uieir asymmetrical form. 

All that can be eafely said regarding the effect of a current along 
an iron or nickel wire, upon the susceptibility of the same to a 
longitudinal field, is that the susceptibility is markedly diminished, 
and that the residual magnetism* falls off more quickly than the 
total reduced mogneUsm. In other words, a cnrrent along a wiie 
diminishes the hysteresis (to use Ewing's word) relatively to a 
cyclically varying longitudinal field. The former conclusion agreea 
with the result obtained by Schultze (Ft'«^. Ann., xxiv., 1885) 
in his experiments on the reciprocal action of mutually perpen- 
dicular magnetisms. He experimented with iron and steel tubes, 
and the circular magnetisation was induced by currents altogether 
outside the iron. He does not seem to have discussed the properties 
of cyclic magnetic graphs, or even the ratio of the residual to the 
total induced longitudinal magnetism, with or without the circular 
magnetism. It is therefore impossible at present to say whether 
the diminisbod hysteresis here noted is due to the magnetic effect 
of the current in the wire, or, as is perhaps more probable, to the 
direct vibratory action of the current upon the molecules, thereby 
accelerating the breaking up of unstable molecular groupings. 

* The experiments proving this are reserved, aa not being qnite completed. 
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On the Composition of some Dee[^ea DepositB &om 
the Mediterraneaa By J. Y. Buchanan, Esq., F.B.8. 

(Kead Jannuy 9, 1891.) 

The muds, the analyses of which are reported in this paper, were 
collected in Septamber 1879, during the laying of a cable between 
Maiaeilles and Algiers by the India Bnbber, Gutta-Percha, and Tele- 
graph Works Company, Limited, of Silvertown, the ship employed 
being the e.8. "Dacia." The nnmbere of the samples are those 
which were affixed to them on board ship. N^oa. 31 to 43 are all 
from localities lying near the African Coast ; Nos. i6 and 46 are 
from positions between the African Coast and the Balearic Bank. 
Nos. 64 and 65 are from the Balearic Bank, and Nos. 86 to 89 are 
from the Gulf of Lyons. The positions and depths are collected in 
Table I. 

Table L — Giving tite Position of the S/tip where each Sample of 
Mud was (kUleeted, and the Depth of Waier there. 





FoilUim. 


NttonoC Bottom. 


Dtptb 
(talhom.). 


So.or9uaple. 








LatlhtdeN. 


longitude a 




31 


36 S7| 


3 21 


Soft mud. 


1080 


32 


37 3 


3 17 




1238 


35 


37 5 


3 26 




13S8 


39 


87 Bi 


3 23 


M\id. 


1343 


39 


37 12 


3 31 




1464 


11 


37 ai 


338 


Softmnd. 


1602 


43 


37 39 


3 63 




1636 


4G 


87 58 


4 6 




1484 


la 


88 11 


4 6 




1489 


64 


39 26 


4 36 




782 


6G 


39 36 


4 40 




646 


88 


42 47 


6 Hi 


GrBy"ooze. 


730 


87 


42 63 


6 1Bi 


Clayey inud. 
Mud «.d oow. 


542 


88 


43 8 


G 12 


630 


89 


43 li 


S 15 


Mud. 


aas 



The samples, as received, were in the condition in which they 
had been collected, having been transferred from the sounding-tube 
to the bottle without any form of preparation or drying. Some 
were therefore much wetter than others, and the diversity in their 
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condition in this respect ia veil shown in the percentile colmnn of 
Table II. The actnal state of the mud when put up In the sample 
bottle on board depends on so many fortnitoue circamstaaces that no 
physical importance must be attached to the figures in this Table. In 
order to bring all the muds, as far as possiUe, into a similar condition, 
they were heated in the water-bath until tbey ceased to lose weight 
It was necessary, therefore, to determine their weights, and they 
have accoidingly been tabulated, and will give roughly an idea of 
the diSerence between a wet mud and a dry one. 

Table II. Preparaiion of Substance for Analym. — About half of 
the sample was placed in a tared porcelain basin and dried in the 
water-bath till it was in a fit form for handling. It was then 
weighed, and the loss of weight called water. 

Tablk n. — Preparatum of Samples for AnalysU, by Drying on the 
Water-Bath. 





Weight ol 


WelgMol 

Moadry 


!«. 


Per cent. 




Had Ukeo 




oILota. 


No. of 


Cgnmmes). 








SiuDple. 




















" 


* 


<~a-b 


•*''"' i 


31 


28-4 


19-3 


9-1 


3!». 


32 


23-8 


1816 


5'65 


2371 


35 


22-e 


15-3 


7'6 


33-18 , 


se 


23-0 


16-4 


6-6 


28-69 


39 


1*7 


11-7 


80 


20-40 


41 


28 3 


16-9 


9-4 


35-73 1 


43 


29-6 


20-0 


9-6 


32-20 


46 


36-1 


20-2 


4 9 


19-52 


46 


199 


18-1 


38 


1909 


64 


24-8 


197 


4-9 


19-91 


66 


38-6 


27-8 


11-2 


29-09 


86 


26-4 


19-2 


8-2 


24-41 


87 


26-4 


207 


47 


18-&0 


S8 


29-5 


19-8 


9-7 


33-26 


89 


22-0 


18-S 


5-1 


23-18 



The dried portion was broken up in an a^ia mortar, and pie- 
serred in a well-stoppered bottle. SufBcieut quantities of each 
sample were thus prepared in a uniform manner, and the bottles in 
which they were preserved were carefully weighed and kept under 
a bell-jar. In this way any alteration in the substance is at once 
detected. If this precaution be not taken it is necessary, in dealing 
with substances which are more or less hygroscopic, to weigh out at 
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once all the portiona of an; one sample which nill be required for 
the varions determioatiouB vhich are to be mado, in order to be 
certMii that a oniform matetial ia used for each. This is attended 
with much inconvenience, which is obviated by preaerTing the 
sample in such a way that it will be unlikely to alter, and by keep- 
ing strict account of its weight, so as at once to detect any alter- 
ation which may occur. 

Table IIL — Detfrmtnation of Lous on Ignition, and of the Water 
and Carbonic Acid exp^led thereby. 





WelshtQtSuDp))). 






W«lgh(oI 




.■.,... 




^ 








Lob 


PerMot. 


W.ter 

■baorbed 


Per cent. 


or CO, 


Pereml. 


j 






1! 


Belore 


After 






byCClj 


H^. 


bjSodi. 


orCOj 


ButlDS 


Heating 

terammei 










Ume 




















- 


. .=«.» 


..»! . 


y^ioc^ 


, A=10D^ 


' 


31 


8180 


0-7B05 


0-0276 


3-36 


0-O32? 


3-99 


0-0086 


1-06 


1-68 


32 


07114 


0-6873 


00241 


3 


38 


0-0200 


2-81 


0-0125 


1-76 


1-18 


35 


0-8978 


0-8670 


0308 


3 


38 




2-22 


0-0240 


2-67 


1-51 


36 


0-7337 


0-7088 


0269 


3 


66 


0-0242 


3-29 


0-0120 


1-63 


1-26 


39 


0-6940 


0-6702 


0-0238 




12 


0-0205 


2-75 


0-0007 


0-10 


-0-67 


41 


I'OIOB 


0-9724 


0-0379 


8 


75 


0-0322 


3-18 


0-0000 


0-00 


-0-67 


iZ 


0-7640 


0-7363 


0-0277 


3 


62 


0-0252 


3-29 


0-0041 


0-53 


0-20 


i& 


0-46a9 


0-4639 


0-0130 


2 


90 


0-0168 


3-59 


0-0083 


1-77 


2-46 


it 


0-6629 


0-6317 


0-0212 


3 


83 


. 0-0158 


3-00 


0-0088 


1-69 


0-78 


Si 


0-B160 


0-4698 


0-0582 


10 


8S 


' 0-0461 


8-74 


0-0084 


1-62 


-0-53 


65 


0-6972 


0-a.=>51 


0-0421 


6 


03 


1 0-O364 


6-22 


0-0090 


1-29 


0-48 


86 


0-7051 


0-7600 


0-0461 


5 


87 


0-0301 


5-88 


0-0182 


2-29 


2-30 


87 


0-7999 


0-7442 


0-0667 


6 


98 


1 O-0236 


2-95 


0-0300 


3-76 


-0 26 


88 


0-6339 


0-6071 


0-0268 


4 


22 


0-0207 




0-0137 


2-18 


1-20 


89 


0-6010 


0-5663 


0-0347 


6-77 


1 0-0220 


3-66 


0-0065 


-.. 


-1-08 



Table 111. Determination of the MointnTe, Carbonic Add, and 
Total Loss. — A quantity of the substance was weighed into a 
poicelain boat, placed in a combustion tube, and heated strongly 
in a current of air freed from moistnre and carbonic acid by 
passing it through a tube filled with soda-lime and another filled 
with calcium chloride. The water was collected in a calcium 
chloride tube, and the carbonic acid in a soda-lime tube, and 
weighed. The boat was again weighed after the heating, and the 
difference in weight is called total lose. In every case the mud was 
of a reddish colour after heating. It will he observed that in all 
cases tlie loss of weight of the substance is diffennt from the gain 
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of we^ht of the tubes; as a rule, it b decidedly less. In a> 
complex a substance as a deep-sea mud it is impOBsible to accoont 
for this in detail ; but oi^auic matter, which is uever absent from 
such muds, would, b; its oxidation, increase the weight of the tubes 
at the expense of the air, while the oxidation of the fixed com- 
ponents, such as ferrous oxide, would have a like effect oo the 
ignited mud. The figures, therefore. In tiie Table give a complex 
result, from which it is impossible to isolate the separate items. It 
is evident, from the general agreement of the ^utes, that the drying 
process (Table II.) has brought the various samples into a very 
fairly comparable condition. 

Table IV. DeterminatioK of the Carbonic Acid. — A weighed 
quantity of the substance was placed in a flask and sulphuric acid 
added. The carbonic acid was collected in soila-lime tubes, being 
firat dried by passing it through a U tube filled with pumice, 
moistened with concentrated sulphuric acid, and a tube filled with 
calcium chloride. 



Tarlb IV. — Determination of Amount of Carbonic Add. 





OtSMUpIS 

taken 


UtSwIS-Uine 


WelgbtoICO, 

■taorbedbr 
2Dd Soda-Urns 


<gr^»>. 


PeteaDt 

at 


CtOO^ 


No. at 
Suopl.. 


Tubs 


Tube 


C0» 




• 


• 


• 


d=6+t 


.-ioo| 


/ 


81 


1-73SE 


0-1896 




01896 


8-037 


18-8 


32 




1346 


0-OBB7 




0-0987 


8-10 


18-4 


36 




6251 


0-126S 


0-001 


01269 


8-38 


19-1 


38 




6970 


0-1386 


0-0006 


0-1391 


8-71 


20-0 


38 




0160 


0-1083 


0-OO17 


0-1100 


10-83 


24-6 


41 




34B8 


0-1238 






9 19 


21-0 


13 




S683 


0-1600 




0-1600 


10-10 


23« 


is 




3200 


0'1868 


0-0002 


0-1855 


14-Ofi 


82-1 


ifl 




2864 


0-2166 


0-0009 


0-2166 


16-82 


38-2 


61 




1379 


0-2378 




0'237S 


20-90 


47-1 


6S 




8921 


0-3129 




0-8129 


16-08 


36-6 


8S 




2466 


0-1767 




0-1767 


14-19 


32-6 


87 




4806 


0-190B 




1909 


13-34 


30-8 


88 




6087 


0-2131 




0-2131 


1412 


38-6 


8B 


1-4595 


0-2024 




0-2024 


18-87 


31-8 



The flask was boiled to expel the gas, and a current of air, free 
from carbonic acid, was drawn through the apparatus to sweep out 
all the carbonic acid. 
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Near the African coast the Bmoant of CO, Taries between 8 and 
10 per cent It increaaee with distance from the land, being no 
doubt less masked by land debris. The maximum 2097 of CO, 
(4717 CaCOg) is found on the Balearic Bank, ■ The depth here 
was only 782 fathoms, and the land drainage is insignificaiit. 

Table V. Treatment with Hydrochloric Add. — (A.) A weighed 
quantity of the substance was placed in a porcelain basin and 
100 cc. of 20 per cent, hydrochloric acid added. The basin was 
placed on a wate^bath and evapoiated to dryness. It was then 
placed on an air-bath and heated so as to cottvert any soluble silica 
into the insoluble form. Then it was treated with hydrochloric 
acid and filtered. The precipitate was weighed, and called the 
" residue." 

(B) The "residue" was fused with potassimn sodium carbonate, 
and the silica determined in the usual way. 



Table V. — Determination of tite Residue Insoluble it 
HCI, and of the Total SSiea, 



per cent. 



a^^'pte. 


temomM). 


Knidu 

dnmrnei). 


Percent 

of 


Percent 

Soluble 

In 
Acid. 


Welgbt a( 

Ksildue 

(gmnmM). 


Per cent 
olStOj 

SuTple. 


Percent 

Eeridue. 


- 


>■ 


,.,< 


„^. 


' 


-.«^ 


/..< 


31 
32 
35 
8S 
39 
*1 
43 
45 
46 
64 
65 
S6 
87 
S8 
S9 


1-4796 
1-8466 
11713 

0'8»16 
1-18B0 
r71»6 
1-9403 
1-3528 
1-6053 
1-3351 
1'4S02 
1-7149 
1-4639 
1-5478 
1-8682 


0-8836 
1-0962 
0'4I36 

5896 
0-6661 
0-96B8 

1 -0937 
0-5774 
0-5896 
0-3756 
0-4244 
0-8339 
0-6300 
0-7822 
0-8015 


69-72 
69-31 
85-31 
66-13 
65-18 
65-81 
68-37 
42-68 
89-18 
28-13 
29-06 
«-83 
43-23 
49-25 
48-04 


40-23 
40-69 
64-69 
33-87 
44-82 
41-19 
43-83 
57-32 
60-84 
71-87 
70-94 
61-37 
66-77 
50-76 
61-96 


0-6466 
0-S071 
0-3213 
0-3772 
0-6278 
0-7337 
0-7219 
0-4433 
0-4ri6 
0-2966 
0-2160 
0-6851 
0-6349 
0-6820 
0-8300 


43-84 

43-71 
27-43 
42-31 
44-37 

32-41 
32-77 
31-32 
22-21 
14-79 
34-12 
38-79 
37-60 
87-68 


73-06 
73-89 
78 08 
63-98 
80-41 
76-44 
88-00 
76-77 
79-98 
78-98 
60-89 
70-18 
85-10 
76-86 
78-80 



Table Ya. Estimation of Iron and AlumiiM. — The hydrochloric 
acid solution (the filtrate from the insoluble residue) was perozidised 
with potassium chlorate, and ammonia was added till the precipitate 
locally formed was very slow in diBsolving. Acetate of ammonium 
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was tben added, aod the mixture boiled and filtered, and die pre- 
cipitate washed. The precipitate was dissolved in hydrochl(dc 
acid, and ferric hydrate precipitated with pure caostic potash in a 
platinum basin. It was then dilated and filtered, ignited and 
weighed. To the filtrate ammoninm chloride was added, and the 
Btdution boiled till ammonia ceased to come oS. The precipitate 
was filtered, ignited to ALjOj, and weighed. 

In tiie FojOg the Tariations are not great The minimum, 3'45 
per centv, is on the Balearic Bank, and the maximum, 6'61, in the 
deep water near the African shore. lu this neighbourhood all the 
muds have large amounts of Fe^Og and small amounts of Al.O^ 
except No. 35, where the amount of FejO, is small and that of 
AljOg very large — in fact, the maximum (123 per cent). It is 
remarkable that at No. 41 we find the maximum of Fe^Oj (6'64 per 
cent.), and the minimum of AljOj (1'3 per cent). The deep water 
between Africa and the Balearic Islands covets muds comparatively 
rich both in Al^O, and Fe^O, ; on the Balearic Bank the amouots 
ate small, and in the Gulf of Lyons moderate. 



Table Va, — Determination of FcjOj and AljOj 
Add SolutioR of TcMe V. 



■ HydrOf^lon 



No. of 


Wel^tof 
Sample taken 


Weighted 


Per™t. of 


"«« 


"A" 




a 1 b 


c=100| 


<t 


e-lM^ 


81 


1-4796 


0-0826 


6-68 


0-0208 


1-37 


82 


1-8466 


0-0991 


6-87 


0-0416 


2 -45 


86 


1-1713 


0462 


3-86 


01441 


12-30 


S6 


1-5647 


0-0956 


ei7 


0-0588 


3-46 


39 


I'lBPO 


0-0788 


e-54 


0-0460 


3-87 


41 


1-71B5 


0-1 oao 


6-64 


0-0221 


1-30 


43 


1-9403 


0-1235 


8-22 


0-1864 


9-60 


IS 


1-3528 


n-0720 


4-23 


0-1389 


10-27 


4S 


1-6053 


0-0782 


4-86 


0-1616 


10-93 


it 


1-1908 


0-0585 


4-24 


0302 


2 '54 


65 


1-3671 


0-0473 


3-45 


0-0292 


2-04 


66 


l-7Ufl 


0-1073 


6-26 


0-0920 


4-26 


B7 


1-4639 


0-0788 


6-39 


0-1212 


8-34 


88 


1-7470 


0-0763 


4-37 


O'06B0 


3-39 


89 


16682 


0-0726 


4-42 


0-0766 


4-68 



Tablb VI, Estimation of FeO and FcjOj. — A weighed quantity 
of the substence was placed in a. 200 c.c. fiask and the flask filled 
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with carbonic acid gas. 20 c.c. of strong faydrocfaloiic acid were 
aba added, and the flask fitted with a cork pierced by a tube with 
an india-rubber valve. It was then heated on the water-bath for 
half-an-hour, filled up with boiling distilled water, corked, and 
allowed to cool. 60 c.c. were taken for analysis, and titrated first 
IMnO 
50 
then with stannona chloride. 

The Htonnons chloride used in the case of samples 31 to 46 was 
of such a strength that 1 cc. = 0*0047 gnns. Fe^O,, and in the case 
of samples 64 to 69, 1 c.c. =0*0042 grms. Fe^O,. From the figures 
in Table VI. it will be seen that the bulk of the iron extracted in 
this way is iu the ferrous state ; while &om column m the total 
amount of iron, expressed as Fe^Oj, extracted in this way is only 
from 40 to 50 per ceni of the amount extracted by prolonged 



Tablb VII. — Summary, Percentage Composition of Muds. 
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§ 








§1 
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InBd. 


No. 


M0» 


•oluble In 

termlnei 


Fb^ 


A^. 


(*C0» 


li 


Salable In 
tomliMd. 


SI 


43-64 


16-08 


B9-72 


6-58 


1-87 


13-3 


3-38 


11-67 


40-28 


S2 


43-71 


16-60 


69-31 


6-87 


2-45 


18-4 


3-38 


11-09 


40-89 


SB 


27-43 


7-88 


36 31 


8-80 


12-30 


19-1 


3-38 


26-06 


«4-e9 


36 


42-31 


23-82 


66-13 


8-17 


3-48 


20-0 


3-66 


0-68 


33-87 


Sfl 


44-37 


11-45 


56-18 


6-54 


3-87 


24 -B 


8-42 


8-19 


41-82 


*1 


83-8fl 


21-92 


66-81 


6-61 


1-30 


21-0 


3-76 


11-60 


44-19 


13 


32-41 


23-96 


68-37 


8-22 


9 '80 


23-8 


3-62 


0-59 


43-63 


iB 


32-77 


9 -91 


42-68 


4-23 


10-27 


32-4 


2-90 


7-52 


67-82 


46 


81 '32 


7-84 


89-16 


4-86 


10'S3 


38-2 




3-02 


80-84 


S4 


22-21 


6-92 


28-18 


4-24 


2<G1 


17-1 


10-89 


7-10 


71-87 


8fi 


14-79 


14-27 


29-06 


8-15 


2-04 


36-8 


6-03 


22-82 


70-94 


86 


34-12 


14 -Bl 


48-63 


6-26 


4-26 


32-6 


B-B7 


2-88 


61-37 


87 


36-79 


B-44 


43-23 


6-39 


8-34 


30-8 


6-98 


6-23 


66-77 


S8 


37-80 


11-65 


49-25 


4-87 


8-89 


32-5 


4-22 


677 


50-76 


89 


37-68 


10-36 


48-04 


4-42 


4-58 


31 -e 


B-77 


6-39 


61-96 



In Table YII. the results of the forgoing Tables are collected so 
as to facilitate comparison of the general composition of the different 
mods. 
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On the Temperatore of the Salt tuid Fresh Water Looha 
of the West of Scotland, at Difibrent Depths and 
Beaaone, dnrm^ the Years 1887 and 188& By John 
Murray, LL.D., Ph.D. 

(RsBd Febniaiy IS, 1S91.} 

The tempeiatnra obaervatioiu recorded in ttuB communication 
were all taken from the yacht "Medusa," except tboie in Loch 
Moist, Tbich vere mode from a small rowing-boat, but the same 
instrnments and the same methods were used as in tbe other locbs. 

All obeerrationa beneath the surface were made by means of 
Messrs Negretti & Zambra's reveiaing thermometei in tbe Scottish 
frame. Tbe readings are published aa they were observed, except 
that tbe instrumental correction ia applied. The readings may, as a 
rule, be taken aa exact to one-tenth of a degree when the sea was 
smooth, and when tbe temperature of water and air had a range 
less than six d^rees. Experiments have shown that if a ther- 
mometer be r«veTsed in water at 40°-0, and then brought to the 
temperature of 46° '0, it would change its indication slightly, and 
would read 40°'l. At first sight it would appear sufficient to sub- 
tract 0°'l from tbe reading for each 6° of excess of air temperature 
over that registered by the instrument, and to add similarly in case 
the air temperature should be lower. This has not been done, 
because it was beheved that, in summer at least, the cooling caused 
by evaporation from tbe wet instrument would reduce its temper- 
ature very considerably, and probably enough to make no correction 
necessary. 

When it was possible to do so tempeiatare was observed at reiy 
short intervals of depth, wherever there was a saddeu cbai^e. For 
this reason, and in order to make it easy to compare conditions at 
any one depth, the somewhat diffuse plan of recording the readings 
was adopted. 

Air temperature was observed by means of tbe sling thermometer. 

The hour mentioned is in each case that at which the observation 



The weather beii^ " bright " or " dull " means that tbe sky was 
not much clonded and tbe son shining, or that it was overcast The 
sea was always smooth, except where the contrary ia noted. In 
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cases where the eea was "roQgh," the thermometei teadli^ are 
liable to a little uncertamt;, ou account of the motion of the vesML 

With reference to the observations in the loche of the Cljde sea- 
area, they were made during a aeries of trips at difTeient seaaons of 
the year, and the results of each trip are placed in chronological 
sequence as far as the geographical anangementa adopted permit. 

The arrangement adopted for presenting these data is that of t^ 
natural districts into which the physical conformation divides the 
region under investigation. The districts are — (1) the Estvary, 
extending irom Bowlii^ to Oreenock; (2) the Oardoch ; (3) 
Dunoon Basin, which runs as a trough of abont 40 fathon» in 
depth from the Dog Bock at the mouUi of Loch GoU, through 
lower Loch Long, past Dunoon, and terminates a little to the north 
of the Cnmbraea ; (4) Loc/i Long, above the junction with Loch 
Goil ; (5) Loefi OoU ,- (6) Holy Loeh ; (7) Kylet of Bute, including 
under this name the shallow water between Ascog and Toward, as 
well aa the Kyles proper, and Loch Bidun; (8) Loch Slrivan; (9) 
Arran Banin, which includes the Firth of Clyde, from the sonth 
end of Arran to the Cumbraes, Lichmamoch Water, Eilbrenuan 
Sound as far south as Davaai Island, and lower Loch Fyne up to 
within one mile of Otter Ferry ; (10) LocA ^yne, above Otter; (II) 
the Plateau, extending from Davaar Island and the Mull of Can- 
tyre across the south end of Arran and Ailsa Ciaig to the Ayishiie 
coast; and (12) the Channel beyond this plateau. 

The observations are arranged under each of the twelve natntal 
districts, as far as possible in regular succession for each trip, from 
one end of the district to the other. As a rule, observations wn« 
made always in the same position during each trip, and it has been 
considered aufScient to designate these positions briefly in the record 
of temperature. The following statement wiU serve to fix them 
with precision : — 

EsTDART. — ObservationB made in mid-channel when the places 

specified were just abeam. 
Gabblooh. — Helensburgh — Observations made a few hundred yarda 
off the pier. 
Bow (/.) — In about 12 fathoms, just seaward of Bow Point. 
Eow (//.) — In about 35 fathoms, ^ mile above the point, aod 
in the centre of the loch. 
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^umdon — In 21 lathoms, contre of the loch, opposite Balemock 

Pier. 
Head — Iq 10 fathoms, at the buoys. 
Ddnoon Ba»in. — Dog Roek — iO to 50 fathoms, ^ mile S. by W. 

of Dog Rock. 
Coulport — 42 fathoms, midway betweea Conlport and Aideu- 

Blairmore — 30 fathoms, mid-loch, opposite Blairmore. 

Strone Point — 30 fathoms, J mile E. of the point 

GaiUock. — 50 fathoms, ^ mile S. of Gantock Beacon, off 

Dunoon. 
Clock— bQ fathoms, ^ mile N.W. of Cloch Light 
Wemysi.~^fi fathoms, \ mile N.W. of Wemyss Point 
Knock Hill — 40 fathoms, f roUe off shore W. of Knock Hill. 
Loch Long. — Centre of the loch, opposite the places named. At 

Arroehar, one station in 15 fathoms, has the "Cobbler" 

bearing N.N.W,; the other, 9 fathoms, is just off the pier. 
Loch Goil. — Mouth — Midway between Corryn and Bird Point. 
Stucicbeg^iO fathoms, middle of loch, opposite Stuckb^. 
Head — 27 fathoms, off Lochgoilhead Pier. 
Holt Loch. — Month — 16 fathoms, midway betweea Strone Point 

and Hunter's Quay. 
Head — 10 fathoms, between Sandbank and Kilmun. 
Ktles op Bdtb. — Ateog — 23 fathoms, ^ mile off shore, opposite 

Ascog. 
Bogany — 27 fathoms, ^ mile N.K of Bogany Point 
Toward — 7 fa^ioms, between Toward Point and Toward Bank 

Buoy. 
Rothesay — 20 fathoms, mouth of Bothesay Bay. 
Strone CoU» — 20 fathoms, mid-channel, opposite Strone Cotes. 
Angle — 25 fathoms, mouth of Loch Bidun, between Burnt 

Islands and Caladh Island. 
Ormidaie, Loch Ridua — 12 fathoms, off Ormidale Piet. 
Aehanloekan — 15 fathoms, in West Kylea. 
Loch Strivan, — Movih — 33 fathoms, midway between Ardine 

Point and Strone Point 
Clapochlar — 35 fathoms, mid-channel, off Clapocblar Point. 
Head- — 13 fathoms, ^ mile from head of loch. 
Abkan Basin.— iaryyfef? — 60 fathoms, 2 miles S.E. by E. of Lai^- 

beg Point, Arran. 
Brodick — 90 fathoms, Goatfell hearing W.N, W., Garroch Head 

N.N.K ; 5i^ miles from Brodick. 
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Oarroeh Head^~60 fathoms, midwttj between Onrroch Head 

and Little Cnmbrae Light. 
Uillean — 60 fathoms, midway between UiUean Point and Tan 

Buoy. 
Imaehfr — 75 fathoms, midway between Imacher Point and 

Carradale, Kilbrennan Sound. 
Areverga — 70 fathoms, 1 mile W. of Arevetga Point, Kilbrennan 

Sound. 
Inehmamoeh — 85 fathoms, midway between Inchmarnoch and 

Cock of Arran. 
Ardlamont — 30 fathoms, midway between Aidlamont Point 

and Etteriok Bay, Kyles of Bute. 
Skate Island— \a\ fathome, 1 mile W. of Skate Island, Loch 

Fyna 
Otter (/.)— 30 fathoms, 1 mile W. of Otter Beacon, Loch 

Fyne. 
Loch Fynb, — Otter {II.), Otter {III.) — 1 and 2 miles respectively 

N.K of Otter Beacon. The other stations in Loch Fyne 

are in mid-chaanel, opposite Gortao's Point, Furnace 

Quarry, Peanimore, Strachur, Inveratay, Dunderave 

Castle, and CuilL 
Plateau. — Sanda — A few miles to the E. of Sanda Island. 
Plailda—\ mile'S. of Pladda Island. 
Rhuad Point— ^ mile off shore at Rhuad Point. 
A ilea — 1 mile N. of Ailaa Cmig. 
<JuANNKL. — Mtdl nf Cantyrt — 70 fathoms, 2 miles S. of Mull of 

Can tyre Light. 
Deaa Point — 35 fathoms, \ mUe, 50 fathoms, 1 mile, S. of 

Deas Point, 
Maidertg — 6^ miles N.E. of Maidens Light. 
Coraeweil — 9 miles N.W. of Coraewell Light. 

N.B. — All the bearings given above, and the direction of wind in 
all the observations, are magnetic. 

"■^e observations in the lochs to the north of the Clyde sea-area 
or the most part limited to the spring and summer months, but 
rery interesting for the purposes of comparison, as well as 
ible in themselves. 

ioy of the observations recorded in the following Tables were 
1 with the special object of detecting the effect of winds on the 
ibutiou of temperature in the watera of the lochs. It was 
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fonnd that when the wind was off-ahore, or down from the heads of 
the lochs, cold water was brought to the aorface in summer; in 
winter, on the other hand, wann water was brought to the surface 
from the deeper portions of the lochs. It will be seen that when 
the sea-lochs have a depth of 80 or 100 fathoms, the warmest water 
is found at the bottom in the months of December and Janoarj, 
and the coldest water in June and Jnlj, 

A large nombet of temperature observations taken in the 
western lochs of Scotland from the "Medusa" in previous yeara^ 
have been published and partially discussed in the Journal of the 
Scottish Meteorolf^cal Society'- and the Scottish Get^raphical • 
Magazina^ A more detailed discussion of the observations is now 
in progress, and will shortly be presented to this Society by Dr 
K K. MilL 

The observations were for the most part taken by myself and 
Captain Alexander Turbyne of the "Medusa," occasionally assisted 
by gentlemen who have taken part in the work of the Scottish 
Marine Station. The results were copied from the observation 
hooka and prepared for press by Dr Mill and Mr James Chumley. 

» Jour. Scot. Ma. Soe. , 3rd ser, , Nos. HL and iv. , 1886, 1887. 
* Seal. Geogr. Mag., vol. iv. pp. 34&-3a6, 1888. 
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1890-91.] Dr Murray and Mr Irvine on Silica ia Seas. 



On Silica and the Siliceous Remains of OrganismB in 
Modem Seas. By John Murray, LL.D., PkD., &c, 
and Bobert IrTine, F.C.S. 

(Rod Much IS, 1691.) 

In a former pap«i to this Society, we poiat«d out the impoitanti 
tole played by carbonic acid in modem seas, with epecial reference 
to the vast deposits of carbonate of lime now taking place in coral 
reefs and those other calcareooa deposits known as Olobigerina and 
Pteropod Oozes. It was pointed out that carbonic acid was the 
chief agent in the disintegration of felsiiars and other silicates of 
the earth's sniface, that it was concerned in all the changes that 
result in the secretion of carbonate of lime by marine organisms 
from any of the lime salts in aea-water, that a vast amount of car- 
bonic acid was being locked up in the calcareous deposits now in 
process of formation on the sea-bed, and that there was an accumu- 
lation of these calcareous deposits chiefly towards the equatorial 
regions of the ocean basins. In the present paper we propose to 
deal with the great antagonistic power to carbonic acid, viz., silica, 
and with the siliceous organic remains in the ocean. 

Silica, or silicic acid, is an oxide of silicon, indeed the only oxide 
of that element known to exist, and resembles in many of its pro- 
perties the oxide of carbon (carbonic acid); it is probably the 
widely distributed body in the surface and Bubsnrface layers of 
the earth's crust. When the earth's suifoce was at a high tempera- 
ture, probably all the silica was in combination with lime, magnesia, 
iron, alumina, and alkahes — forming the great series of silicates. 
At a high temperature silica has a great affinity for bases, but at a 
low temperature it is in most cases replaced by carbonic acid from 
its compounds. It thus happens that from early geological times 
carbonic acid has been extracted from the atmosphere, and locked 
up in the solid crust of the earth If this process goes on without 
limitation life will ultimately become impossible on the earth's sur- 
face. From volcanoes and fissures carbonic acid is given off, owing, 
apparently, to the silica again taking the place of the carbonic acid 
in the heated locks below. In all the ordinary disintegrating pro- 
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cesses at work at the earth's surface, the carbonic acid lepkcee the 
silica from its bases, the silica being thus set free to form quartz, or 
a bjdrated variety of silica like opal, for example. 

Although there are enormous numbers of oi^anisms in the ocean 
that secrete silica to form their frostules, ebells, or skeletons, the 
remains of these siliceous organisms do not play nearly so lat^ a 
part ia the formation of the deposits of modem seas as the remains 
of carbonate of lime organisms dealt with in out former paper. 
For our present purpose the siliceous organisms of modem seas 
may be divided into the Sponges, which live on the bottom, or 
belong to the Benthos,* and the Diatoms and Radiolanans, tvhicb 
have a pelagic habitat, or belong to the Plankton.* The si- 
liceous sponges belonging to the Tetractinellida, Monaxonida, and 
Hexactinellida, are universally distributed over the floor of die 
ocean, the Hexactinellida being limited to the deep sea, i.e., to depths 
greater than 100 fathoms. Although universally distributed over 
the ocean's floor, the spicules of sponges rarely make up over 1 or 2 
per cent, of a deep-sea deposit, except in those limited areas where 
there are extensive patches of these sponges growing on the bottom, 
when the spicules in some samples of a deposit may rise as high as 
20 per cent. At Kergueleu, in 120 fathoms, over one hundred 
specimens of Rogsella arUarctica were obtained in one haul of the 
trawl ; at Zebu, Philippines, a large number of EuplecteUa and 
other sponges were obtained in 100 fathoms ; ofF the Ki Islands, 
in 129 fathoms, there were eighteen species of HexactinelHda and 
a la^e number of individuals ; in the Atlantic, near the Cape 
Verdes, there was procured in 1525 fathoms a large specimen of 
Poliopogon amadou (2x1} feet) attached to the branches of an 
Alcyonarian coral {Pleurocorallium johneoni) ; off the Kormadecs, 
in 630 fathoms, there was another Poliopogon (Poliopogott gigae), 
measuring 2x3} feet, and this was but a fragment of what was 
apparently an enormous sponge. In the Faroe Channel large 
numbers of specimens of Pheronema (Holtmia) were dredged from a 
depth of 530 fathoms, while trawlings near the same spot did 

* BenttioB ($ir0et, bottom of the sea) u a term introduced b; Haeckel for 
■II those OTganiama living on or creeping over the bottom of the sea, in contra- 
distinction to PlRnhton, wbich, as extended b; him, includes all those organ- 
isms swimming abont in the sea or carried along in ocean cuirenta (iVdibtftw- 
StiuUm, Jena, WW). 



■ Google 



18BO-91,] Dr Murray aud Mr Irvine on SUica in Seas. 231 

not yield any apecimena. Many other examples might be given 
to show that the sponges are clustered in patches over the bed of the 
oceao, with intervening more or leas barren spaces. On the whole, 
uliceous sponges are most abundant in moderate depths on the 
Blue Muds along continental shores and in pelagic depoaita, aud are 
more numerous on Diatom and Sadiolarian Oozes than on Qlobi- 
gerina and Pteropod Ootes. The spicules of sponges frequently show 
signa of undergoing solution, in the widening of the axial canals, 
and the disappearance or thinning of the more delicate proceaaes. 
The spicales contain from 6 to 7 per cent of water, or in some 
cases as much as 13 per cent.,* associated with organic matter,! ^nd 
belong to the variety of silica known as opaL 

When we turn to the Diatoma and Badiolariane, we find that 
they are universally distributed throughout the surface and aub- 
surface waters, indeed, the tow-net esperiraents carried out on 
board the " Challenger " appear to prove that some species of Badio- 
larians live throughout all the intermediate depths of the ocean. 

Diatoms are abundant in all estuariee and wherever there is a 
low salinity from the admixture of river water, but they are found, 
althoogh more sparingly, in the very saltest waters of the ocean. 
In the waters of the great Southern Ocean and Antarctic r^ons 
they occur in enormous quantities on the surface, filling the tow-nets 
with a slimy, yellow-brown maas. This slimy mass of siliceous algte 
consisted chiefly of Rhizosolenia, Cliadoceroe, and ThdIaesioGirix, 
and when dried over a atove presented a felted appearance like some 
specimens of asbestos, On analysis this dried mass yielded : — 

Silica soluble in acid 100 per cent 

Silica insoluble in acid, 



Alumina, . 
Organic matter, . 
Water, . 



1675 

4-87 



In the Arctic Ocean, and in the seas around the Shetland Islands, 
Diatoms are also at times found in vast floating banks, and they 

* Thoulet, Compta Saidai, tome icviij. p. 1000, 1881. 
+ SoUm, Zoot. Chall. Exp., psrt liiiL pp. 47 et uq. 
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can be collected in tow-nets as s yellowish slimy moes. Herring- 
fishers are sometimes hampered in tbeii operations by the vast 
floating banks of these Alg«.* In the Arafura Sea and other 
tropical and subtropical regions the "Challenger" Expedition also 
collected great numbere of Diatoms at the surface, especially where 
there was brackish water, or, at least, water of a relatively low 
salinity. In the true oceanic waters of the tropical regions the 
number of species of Diatoms is probably aa numerous as in polar 
waters, but the individuals are not nearly so abundant. In a Diatom 
ooze from lat. 54° S., 48 species of Diatoms were observed in the 
deposit, wlule in a tropical Badiolarian ooze, lat. 6° N., 61 species 
were recognised ; of these 14 species are common tn the two stations. 
In the former case the Diatom remains make up over 60 per cent, 
of the whole deposit, in the tatter not more than 2 or 3 per cent. 
Some large species of tropical Elmodiseus {Cotcinodiecim) have an 
extremely thin shell of silica, and indeed, all the Diatom frustules 
of species that live in truly pelagic waters of the tropical and sub- 
tropical r^ions are exceedingly thin and delicate compared with 
those in colder and coast waters. When Diatoms cannot be ob- 
served directly in the tow-net gatherings, they can almost always be 
found in tbe stomachs of SaJpm, Doliolum, and other marine animals. 
The specimens of Diatoms met with in the open sea all belong to 
pelagic species, but it is not uncommon to meet with attached forms 
fixed to the backs of Copepods and other Crustacea, as well as on 
pelagic Molluscs. These siliceous pelagic Algoe or Diatoms, together 
with other Atgee, some of which secrete carbonate of lime — Cocco- 
spheres and Shabdospheres — appear to live only in those upper 
layer? of oceanic waters that are affected by sunlight, and they are 
the original source of the food of the vast majority of animals living 
at the surface and on the bottom of the sea, for on falling to the 
bottom the Diatoms still retain a portion of their organic matter, 
and thus supply with nourishment those animals, like Echinoderms 
and Annelids, which live at the bottom by eating the mud or ooie 
there in process of accumulation. 

The Badiolarians, unlike the Diatoms, are rarely met with in any 

numbers in estuaries or near the mouths of rivers, their true habitat 

being in tbe open ocean ; they belong to oceanic as distinguished 

' Pearcey, Froc. Boy. PKya. Soe. Edin., vol. viii. p. 400. 
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from neritic * Plankton, which latter term includes surface oi^nisms 
in waters near conineutal and other coast&f Tbey would appear, 
however, on the whole, to prefer oceanic waters where the salinity of 
the water is relatively low, for in the very salt waters of the Red Sea, 
of the Mediterranean, and of the trade-wind regions of the Atlantic, 
although numerous, they are not apparently so abundant as in the 
less salt vaters of the Pacific, Indian, Southern, or Polar Oceans. 
The tow-net e:(periments of the "Challenger" Expedition showed that 
those Radiolarians which secrete the heaviest shells and skeletons, 
aa well as the whole legion of Fhieodaria, were captured in greatest 
numbers when the nets were draped a considerable distance beneath 
the surface, so that it is probable that many species live in the inter- 
mediate waters of the ocean where the temperature is as low as 
50° or 40° F. Some specias of Diatoms and Badiolanane are often 
met with in such great numbers that they form vast floating banks, 
fields, or zones, between which are lanes of water comparatively free 
from these otganisms. We have referred to the banks of Diatoms 
in the Arctic and Antarctic Oceans and in the Arafura Sea. In 
1880, in the Faroe Channel, the tow-nets were filled with Radio- 
larians, beloDging to the genera: AcantAomeira, Xiphaccuitha, 
Doratagpia, Elhmosplurra, Hdioxpfuera, EliizoapluEra, Aclinomma, 
Spongorijrtia, Thalasximlia, Calcarmnvia, AcHnor.yrtig, AmphUonche, 
Spongodinam, and Thalasaosphatra — for weeks together; but two 
years later, in the same month, only a few of these organisms were 
captured, the surface waters being then chiefly occupied by vast 
numbera of DolMum, 

If we now turn to the remains of Diatoms and Badiolarians found 
in the marine deposits at the bottom of the ocean, we find that they 
are almost universally distributed. Radiolarian remains were ob- 
served in coDsideiable abundance in more than two-thirds, and 
Diatoms in like abundance in more than one-half, of the samples of 
deep-sea depoeitscollected by the " Challenger," and a careful exami- 
nation of large samples revealed the presence of these organisms in 
nearly every specimen of pelagic and terrigenous deposits. In the 
deep-sea deposits of the Atlantic, Radiolarians, Diatoms, and Sponge 
spicules, make up, on an aver^, about It- per cent., in the Pacific 



■ Google 



234 Proceedings of Soyal Society of Edivhurgk. [sBsa. 

about 6 per cent., and in the Southern and Antarctic OceanB 
about 16 per cent., of the deposits. In some special regions, how- 
ever, the; play a much more important part in the fonnation of dee[>- 
sea deposits. There would appear to be a vide band or zone of 
Diatom Ooze surrounding the South Pole, between the latitude of 
40° S. and the Antarctic Circle, covering about 10,880,000 square 
miles of the sea-bottom, in which the percentage of siliceous organisms 
is, on the average, about 50 per cent, of the whole deposit. 

Again, in the central parts of the Pacific and Indian Oceans there 
are large areas of Badiolarian Ooze in the graateet depths, covering 
in all about 2,290,000 square miles of the earth's surface, in which 
the remains of siliceous organisms are estimated to make up nearly 
60 per cent, of the whole deposit. In some Olobigerina aud Pteropod 
Oozes, as well as in some Red Clays and Blue Muds, there are in 
certain regions very few, if any, traces of these pelagic Diatoms and 
Radiolaria. It is somewhat difficult to account for their absence, 
for they are captured in the surface waters of these areas, although 
not in such great abundance as in the surface waters over regions 
where they make up a large part of the deposit at the sea-bottom. 
In some instances they appear to have been removed in solution, 
as will be pointed out later on ; in others their presence may be 
mssked by the relatively much more rapid accumulation of cal- 
careous remains, of triturated pumice, or of laud debris. 

In our previous paper, when discussing the secretion of carbonate 
of lime by marine organisms, we found it impossible to accept the view 
that the lime was absorbed and secreted directly as carbonate, owing 
to the small amount of carbonate of lime in aolutioA in eea-water — 
one part in 8000 — and the enormous quantity of water that would 
consequently require to pass into the life circulation to permit its 
secretion were this the only source. We were able to show, we 
think successfully, that organisms may obtain their carbonate of lime 
from any of t|je lime salts in eea-water, by means of the changes 
produced by their effete or waste products ou the constitution of the 
lime salts in solution, the whole of the lime present being in this 
way available for the formation of carbonate of lime shells. A 
similar difficulty with reference to the source of the silica is pre- 
sented in the case of the silica^ecreting organisms, for to obtain the 
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ailica necessary for their shelU and skeletons these oiganismB muat 
pass an eaormous quantity of sea-water through their bodies. No 
interpretation like that adopted for the carbonate of lime organisms 
is possible here, for silica is present in 'solution in sea-water only in 
one condition, and our own aod the analyses of different authorities 
give only the merest traces of soluble silica in sea-water. 

It will be seen, by reference to the accompanying Table, that the 
determinations of silica in sea-water by various authors can be 



Table I. — Silica in Various Sea Waters. 



Ill' 
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1«,D00 
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Si 
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wi,ooo 

4M,D0a 



FigneruidUlilli. 



Do. (3.W. o( Ire- 



CoMt of Nomy, . 



hIScl. . 
idlui Ocean 



arranged into a maximum group, thirty in number, and a minimum 
group, twentj-thiee in number. In the maximum group many of 
the determinations include phosphates along with silicic acid, and it 
appears evident, from out own analyses, as well as from the great 
irregnlarity of these maximum results, that the waters were not 
filtered before analysis — two samples of the same water from the 
Adriatic, for example, gave respectively 0110 and 0'237 grm. per 
litre. In the second or minimum group the waters have evidently 
been filtered before analysis, and the results exhibit a striking uni- 
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fortuity when compared with those of the maximum group. It will 
be seen that the analyses of the filtered watera show silicic acid is 
prea«nt either in traces or only in quantity equal to one part in from 
220,000 to 460,000 parte of eea-watec, or even in still more minute 
quantities. 

The determinations made by us at the Scottish Marine Station 
with caiefully-filtered waters from different parts of the ocean led to 
similar results. The amount of soluble silica was so minute that it 
was difficult to believe it to be the exclusive source from which 
Diatoms and Radiolnrians procured the silica for their frustules and 
skeletons, the rosulte showing only odc part of soluble silica present 
in from 200,000 to 600,000 parts of sea-water. 

In all attempts to determine the silicic acid, vre filtered the sea- 
water through several folds of ashless filter-paper, or we added to 
it, in the cold, a solution of pure albumen, thereafter raising the 
liquid to a temperatoie of 212° F., so that the coagulated albumen 
which collected as a scum on the top of the boiling fiuid carried 
with it any mechanically suspended matter present in the water. 
Even the ash from the apparently ashless filter may give rise to a 
profound error in the result, and in these determinations, in order 
t« secure absolute accuracy, platinum vessels should be used.* 
The accurate determination of silicic acid in sea-water is compli- 
cated by another difliculty. This arises from the presence of 
fiuorides, which in the ordinary methods for determining silicic acid 
would tend to form volatile fluoride of silicon, thus vitiating the 
results of the analyses. The results referred to above, showing the 
quantity of silicic acid in sea-water to amount to not more than one 
part in 200,000 to 500,000, were obtained by evaporating a weighed 
quantity of carefully-filtered sea-water to dryness with hydrochloric 
acid. The dried salts were drenched with hydrochloric acid and 
^ain heated t« dryness, the insoluble residue left being taken as 
silicic acid. It is evident that in the presence of fluorides, if in suffi- 
cient amount, the whole of the silicic acid would be driven off, and 
paas away during the evaporation and subsequent drying and ignition.t 

* The balance uud by as wu not very delicate ; the i«anlta can only be 
relied on to the third place of decimals. 

f Exp. (A). TodstenniDetbiapoiiitveaddedBilicic&cidinaiolablefamitoa 
litre of artificial SM'Water (which water was practically free from silicic acid), 
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Even when any Iobs of eilicic acid which may occur from this 
Murce of error is taken into account, the amount of soluble silica 
in sea-water is too small to be quite certain that it is sufficient to 
supply all that is required by silica-secreting organisms. 

Moreorer, if we accept the fact that the sea receives the greater 
part of its silicic acid from the wat«rs carried down to it by rivers 
in the form of soluble silicates, we should expect that such silicates 
woald be decomposed by the salts of magnesium so abundantly pre- 
sent in sea-water, with the formation of silicate of magnesia. This 
substance we know, in the condition of steatite or talc, is so in- 
soluble, that no appreciable amount is removed by solution in water, 
even in presence of free carbonic acid-* We have found, however, 
the amount so added being 0'03J2 gnu., adding also O'OSS grm. or fluoride of 
eodimn. The vhole was then evaporated to drjnesa with hydrochloric acid, 
and the reaidne dried Bud drenched with hydrochloric acid, and again dried. 
The silicic acid determiDed in the insoluble residue showed tliat 80 '4 per cent. 
of the whole silieio acid added had beeu thus recovered, only 18-S per cent 
being lost by the action of the fluoride. A similar experiment (6) wns conducted 
with the same amount of silicic acid aa in Experiment (A), but 0-960 grm., or 
ten timea the amount of fluoride of sodium, was added to the same amount of 
artificiat gea-waCcr. This quantity gave a precipitate of fluoride of calcinm 
with the lime salts of the sea-water, so that euch an amount of fluorine could 
not be present in natural sea-water. The amount of silicic acid recovered in 
this instance was 67'6 per cent., the loss of silicic acid being 32-G per cent, 
A third experiment (C) was made, in which a large excess of fluoride of sodium 
was again added, and the evaporation and drenching with hydrochloric acid 
repeated six or seven times in snccesaian. It was then found that only 4 per 
cent, of the silicic acid added remained in the insoluble residue. These results 
wonid soem to show that even if sea-water contained as much «licic acid as 
one part in S0,000, and also as much fluoride aa it could hold in solation, at 
least two-thirds of the ailicio acid present in sea-water would be found by tjin 
methods ordinarily in nee for silicic acid determination. Nothing like that 
■loantity (1 in 50,000 parts) was ever found in our experiments. The third 
eiperimcDt (C) shows that the silicic acid may be carried away in a volatile 
condition, combined with floorine, after repeated evaporations with hydro- 
chloric acid and ignitings, so that the amount of silicic acid we have found in 
cwcfnlly-filtered sea-water must be correct within the limits of at least 20 per 
cent (see Experiment A), thus making it according to these detenaination.-< 
less than one part in 2E0,000. 

* Biscbofl', Chemical arid Phyiicat Qcology, vol. L p. 3. Mr Alexander 
Johnstone, F.G.S., has proved experimentally that pure water, even 
when saturated with carbonic acid, has no solvent action on pure talc 
or steatite, but that sea-water has a slight but diatjnct eflect in this direc- 
tion equal to 1 part in 200,000, His rsanlts are also interesting as show- 
ing that silicate of magnesinm once formed cannot be conveyed to any extent 
in a soluble condition by river water to the sea (Pne. Boy. Soc. Edin., vol. 
xvi- pp. 172-175, iea9). 
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that silicate of magneaia, in an amorphous condition, is distinctly 
solnble in pure water, and also to a greater extent in sea-water. 

To determine this we added pnre silicate of soda to Bea-wat«r in 
the following proportions ; — 

Silicate of soda representing — 



«ttBUIdc acid added 


to 1,000 parts ae»-w 






10,000 „ 


^ve a disticct precijiitate. 




20,000 „ 


., precipitate after 24 holi 




30,000 ,. 


, 36 „ 




*0.000 ,, 


,. « „ 




60,000 ,. 


„ 144 „ 





100,000 „ 


., 1« „ 



These precipitates consisted principally of silicate of magnesia, 
silicic acid, and traces of silicate of lime ; so that we are justified in 
concluding that if alkaline silicates in proportion equal to 1 part of 
silicic acid in 100,000 parts of water were present, the whole would 
be removed in combination with magnesia and thrown out of solution. 
For the sake of a^ument, let ns suppose that silicic acid did occur 
to this extent in sea-water, thus representing -01 grm. per litre, even 
this amount, taking it, we shall say, as a saturated solution of the moat 
insoluble silicate known, is very much less than the amount of silicic 
acid found by the analysts whose results represent the maximum 
amount of that body found in sea-water (eee Table I., p. 235). 
These experiments were repeated with pure water, to which chloride 
of magnesium was added together with pure silicato of soda. The 
results showed that amorphous or freably-precipitated silicate of 
magnesia was less soluble in fresh than in sea water, thus leading 
us to assnme that it could not be carried to the sea as such by rivere, 
as also that river water, rich in other magnesium salts, can hardly 
be supposed to cany soluble silicates to the sea. 

A eimilai series of experiments were conducted with lime salts, 
but the amorphous silicate of lime so formed was found, in com- 
parison with the silicate of magnesium, to be so soluble that it did 
not cause any precipitate above 1 part in 60,000 of water in 
twenty-four hours. 

To vary these experiments, a weak solution of silicate of soda 
was exactly neatialieed by means of hydrochloric acid ; an amount 
representing 1 grm. of soluble or colloid silicic acid was added to 
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1 litoe of sea-water, the one-half of which was kept at a temperaton 
of 40* and the other at 80° Fahr. Here apparently more silicic acid 
was retained in solntion bj the sea-water than in the former experi- 
ment with the alkaline silicatA, and on determining the amount of 
silicic acid in tbe filtered sea-water after seventy-two hours, it was 
foond that sea-water could hold up for that period 0'1346 gnn. per 
litre, the precipitate consisting principally of silicic acid and silicate 
of magnesia. We think, however, that as a rule silicic acid must 
reach the ocean in the form of silicates.* 

At this point it may be well to refer to the character of river 
water in its relation to the amount of silicic acid carried to the aea. 
From the aoalyses of forty-eight river waters given by Biscbotf,t we 
find the average quantity of silicic acid present to amount to about 1 
part in 100,000. But here the same source of error seems to have 
crept in, as is the case with the silicic acid determinations in sea- 
water, a certain number of analysts showing a maximum amount 
eqoal to 4'8 parts in 100,000, whilst others show minimum results 
equivalent to O'Ol part in 100,000. That this source of error is due 
to the presence of insoluble clay, is pretty well proved by the results 
of certain of the analyses. For instance, in those of the waters of 
the Haas, the amount of silica at Hocht is 2 parts in 100,000 ; at 
Pierrebleue, 104; and at Arensdonck, 0-28; clearly showing that 
tbe water bad deposited insoluble siliceous matter or clay in its 
couiae to tbe sea. However this may be, it is certainly curious to 
note, taking the minimum results of these forty-eight analyses as 
npreseuting the true amount of soluble silicic acid in river water, 
that we find it equivalent to 1 part of that body in 250,000 to 

* A Bolatian of silicate of soda was nentnlised with carbonic icid, and an 
amODnt of thii aolution eiiiial to 1 gnn. of soluble or colloid silicic acid added 
to 1 litre of teft.water. A comparatiTely small precipitate rvsalted, and was 
found to consist of silicic acid and silicate of maguesia, with traces of lime. 
The clear liquid filtrate from this precipitate remained for a very long period 
perfectly clear, and only deposited a slight additional precipitate after stand- 
ing more than fourteen days. The silicic acid was determined in the filtrate, 
and it was fonnd that the amount of tbe precipitate corresponded with the 
carbonate of msgneda or lime which occnrred in the water. Thns if eolable 
silicic acid in any eiicnmstances be added to sea-water, we should expect onljr 
that portion thrown ont that wonid thns combine with the nlkaliDe constituents 
of the sea-water, the amount of alkaline conatitnents being always enormously 
in excess over tliat in which riUdc acid could exist either in snrTace or bottom 
water. + Loc tit., vol. i. pp. 76, 77. 
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400,000 patta of water — figures curiously con«8ponding to those 
representing the minimum determinations of soluble silica in aea- 
water by us (see Table I,).* 

As was stated above, there are no means at our disposal to ex- 
plain the elaboration of silica from salts by organisms, as in 
the case of the secretion of carbonate of lime from other calcium 
salte.t SOicic acid, if present at all in the ocean in a soluble form, 
can only occur in that one condition. A\'liere then are we to look 
for the aources from which Diatoms, ItadiolariauB, Sponges, &a, 
obtain the silica necessary for their siliceous skeletons) 

Early in the course of these investigations we were led to suspect 
that the pelagic siliceous organisms might, in part at least, obtain the 
silica for their frustules and skeletons from the clayey matter sus- 
pended mechanically in sea-water. It has been long known that the 
principal part of the fine clayey matter suspended in river water is 

• Kyle, in hi» analyses of the water sopplisd to the city of Baenoa Ayres, 
states that "the riTer Flate ia in reality the estuary of the rivere Panms and 
Uruguay. It ia characterised by ita muddy apparunce, and always contaiui 
in sDapensioD a considerable amount of coloured clay." In the snalysea which 
follow of the waters of the rivets Plate and Parana, this clay ia reproscnted as 
alumina and silica. From this it is evident that the waters were not filtered 
before analysia. On the other hand, looking at the analyses of the water of 
the river Uruguay, the analyst characterisee it " as a very remarkable one, and 
probably one of the purest river waters in the world, containing nither less 
than four parts of solid matter per 100,000. Alamina is entirely absent, the 
noteworthy fact being that about *6 per cent, of the total solid matter conaiata 
of soluble ailica not sQspended as in the other two rivers. A small propoKion 
exists probably as alkaline silicates, bat the greater part is undoubtedly present 
as hydrated silicic acid." In these circumatancea maybe found an explanation 
of the petrifying properties attributed to the water of the Uruguay {ChanUal 
Neva, vol. ixxviii. p. 28). 

The abnorniat quantity of free siUdc acid pi«Bent in these watets may be 
acconntod for, cither by the decomposition of felspar rocks by carbonic add, or 
by the action of azo-humjc acids referred to by Julien ("On the Geological 
Action of Uumoa Acids," Froc American Aa., voLxiviJi p. 32S)on ailica 
itaelf. But, granted all that has been advanced aa to the carriage of silide 
acid as such in a soluble condition to the sea by rivers, as we have shown, when 
such water mixes with the sea there can be no possible accumnlstion of solnble 
silica over that of one part in from 50,000 to 100,000 parts of water, 
.lulien, we think wrongly, nrges that the hnmos acids may have the same 
aetion in sea-water that they have upon silica on land in the presence of fresh 
water; that a vast proporiionof humus acids reaches tbeseais undoubtedly ths 
case, but immediately on mixing with salt-water the humus acid is thrown 
down either in combination with lime, magnesia, or alnmina. 

t See Murray and Irvine, "Coral Reels and other Csrbonate of Lime Forma- 
tions ill Modem Seas," Froc. Hoy. Soc. Eiiin., vol. xvii. pp. 79-109, 1S9D. 



I8M-B1,] Dr Murray and Mr Irvine on Silica in Seas. 241 

precipitated to the bottom when the river water mixes with the 
waters of the oceaa.* 

We have consequently made a large number of esperiments 
(exceeding 100 determinations) bearing on this point. The fol- 
lowing Table gives the results of a series of experiments with 
clayey matter suspended iu sea-water of different salinities, and at 
different temperatures. 

Tablk II. — Amount of Clay remaining mtspendtd in Sea-Waler» 
of Variou» Densities, after hm.ng diaken up, and allowed to 
stand at rest, at Temperaturee of 40° .f'. and 80' F. Results 
in grammes per Litre. 





a Temperature, 80° F. 








1025» , 1026' 


102^ 


1028- 


Time 2* honra, . 


Sea Clay | 0-0083 O-0(i83 

1 L«Ed „ 1 0-0033 ! 0-0023 

Sea „ : 0-0003 1 0-0003 

Land,, 0-0003 O'OOOS 


0-0033 
0023 
0-0008 
0'0003 


0-0028 
0-0023 
0-0003 
0-0003 



P Temperature, 40° to 50° F. 





loss* 


1026* 


1027' 1028* 


-Time 24 hours,. . ' Sea Clay 

'.', 108 !! ' . ; 9«a ", 
,. „ „ . ■ Land „ 
„ 120 „ ... Sea „ 
„ „ „ . . Land „ 


0-OOE8 
0-005S 
0-0013 
0-OOlS 
0-0010 
0-0010 


0-0063 

0-ooao 

0018 
0-0013 
0010 
0-0010 


O'OOSS O'OOSS 
00068 1 O'OOSO 
0018 0-0018 
0-0016 0-0013 
0-0013 1 0-0016 
00010 , 00010 





y Temperature, 


80° F. 










1000« 


1006* -8 


1010" 


1015" I020> 


102S' 


1028- 


Time 24 lioura, 
,. S6 „ 


0-0823 
0-0723 


0-0048 
0-0028 


0'OD28 
0-0018 


0-0020 
0-0013 


0-0018 
0-0013 


0-0018 
0-0010 


0-0018 

o-ooio 



* Advantage U taken of this' fact in the puriGcatioa of muddy waten for 
domestic and man nfac taring purposes by adding time and alnmina salts, wliich 
indnce the separadoii of suspended matter and its subsidence (see Sidell in 
Humphreys and Abbot's Beport an the Mis$i$sippi, Appendix A, No. 2, pp. 49G 
a >eq., 1878; Sohultie, JPogg. Ann., vol. 129, p. 388, 1886). 
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S Temperature, 40' to 50° F. 



1000" 


]006"e 


lOlO- 1016" 


1020" 1025- lOaS" 


Time 


8 hoars, 




0-0658 


0-056S 


n-nsNH 


1 1 
0-0388! 0-0418 10 


03SS 






0-1216 


0-0113 


0-0073 


0-0053 


0053 


0-0053 






4S „ 




0-0018 


0-0038 


0-0025 


0-0028 


0-0031 1 


10?5 




72 „ 




0-O0S3 


0-0018 


0-0018 


0-0013 


00018 


MIl.H 




98 „ 


0'0668 


0-0028 


0013 


0-0013 


0-O018 


0-0013 


0013 



c Water (1021*) from shore at Granton. 

After 21 Iionra at 80° F. coDtaiued 0083 grm. 
60° F. „ 0-0188 „ 

f Clay BuepeDded in Salts of Sea Water. 



TemperatnrB 80° F. CiiSO^ 


MgCl, MgSO. NaCI 


K^, 


Time 48 hoOTB, . 


0-0013 


0-0015 -0-0023 


0-0116 


0B« 



It will be seen that with waters of all salinities above 1010 tlie 
jjreat bulk of the heavier clajej matter is thrown down in the course 
of twenty-four hours, which is in harmony with the results of pre- 
vious observers. There is, however, a small residuum which is held 
in suapeneion, even in waters of a salinity equal to 1026. The 
amount, it will be observed, varies with the temperature. At a 
temperature of 40° to 50° F., and a sohnity of 1027, 0-0064 grm. 
per litre of clay remained in suspension at the end of twenty-four 
hours,*' while, nndet the same condition as to time, at a temperature 
of 80° F., only 0'0033 grm. remained in suspension.f At the former 
temperature, O'OOIS grm. remained suspended at the end of 106 
hours, J and at the latter only 0-0003 grm. at the end of 120 hours.§ 
It appears, then, that all the clay brought to the ocean by rivers is 
not precipitated on mixing with sea-water, but a very small quantity 
may be canied far and wide by ocean currents, the amount thus held 

* - 27,600 tons per cnbic mils of water. 

+ <= Il.SnO tons per cubic mile of iwter. 

X ~ 7740 tona per cubic mile of water. 

S — 1 300 toDs per cubic mile of water. 
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in sospenaioa by the aeO'tratei depending largely on the temperature, 
and to a leas extent on the Balinity, being greater the lower the 
temperature and salinity. 

To ascertain the amount of clayey i]iatt«r in suspension in the open 
sea far from land, we procured large samples f com the surface of the 
Atlantic, the Indian Ocean, Red Sea, the Mediterranean, the German 
Ocean, the Baltic Sea, and the Firth of Forth.* These waters were 
preserved in stoneware jars thoionghly cleaned and filled with the 
utmost care, bo that no siliceous matter m^ht he accidentally intro- 
duced. About 14 litres of sea-water were passed through a double 
ashless filter, and, a^t carefully washing the solid matter left on 
the filter to get rid of aalte, the whole was burned, and the residue 
treated in a platinum vessel with pure boiling sulphuric acid, — the 
silicic acid, iron, and alumina were treated in the usual way. The 
lesults are exhibited in the following Table : — 

Table Ill.^^hoieinif Amount 0/ Mechaniealli/- Suspended SHicateii 
(Clap) presejU in Water of Different Sea*. 





In U Litres 






of Water. 


MileofWater. 


I. Firth of Forth, 1 mile ftom shore, 


0-0258 gnu. 


SOOO tona. 


II. Atlantic OceitD, lat 61° 20', long. 






31° W. 


0-0052 „ 


IflOi „ 


III. Germ«uOc(*n,30mile»E.ofMaylBkDd, 


0-0063 „ 


1916 „ 






2031 „ 


V. Baltic Sea. salinity 1005-5 - 


0105 ,. 


3200 „ 


VI. Red Sea, off Brothers Island, 


OO0O6 „ 


264 „ 1 


VII. Indian Ocean, lat 15° iff N., long. 58°\ 

WE. ; 


0-OO06 „ 


'" •■ 1 



In the fint determination (I.), Firth of Forth, the amount of 
»Uca in the clay, represented above, Is about one-fourth what our 
minimum results show as present in a soluble condition in sea-water. 
In Baltic water (V.), salinity 1005, about one-eighth; in Atlantic, 
German Ocean, and Mediterranean waters (11., III. and lY.), about 
one^ixteenth, and in the lodian Ocean and Bed Sea still less. 

This seems to establish the fact that there is always a small 

* We are indebted to Captains Thomas S. Knox and George Read, of the 
Anchor Line, Tar collecting the waters from the Mediterranean, Indian, and 
Atlantic Oceans. 



■ Google 



244 P^'oceedings of Bayal Society of Edwhtirgh. [sbsb. 

iiuantity of silicate of alumina oc clay present in sea-water, even at 
very great distances from land, and in the sttltest and warmest 
wat«rs. The above waters were taken from the surface ; but, by a 
carefully-collected series of watecR from difiereut depths, it might 
be shown that the deeper and colder waters contained a greater 
proportion of this fine clayey matter than the surface ones, and 
it is at once apparent that wat«rs taken near shore will contain 
more than those from far out at sea. 

Bearing in mind the above facts, it is interesting to recall what was 
stated above as to distribution of siliceous organisms in the ocean, they 
being more abundant in shore waters or in waters of a low salinity 
and in cold waters — as, for instance, Diatoms in brackish waters and 
in those of the cold Southern aud Polar Oceana, and Badiolaria in 
polar waters and in the West Pacific and Eastern Indian Oceans, 
where there is a relatively low salinity, as well as in deep inter- 
mediate waters where there is a low temperature. This would seem 
to indicate that in the ocean siliceous organisms are more abundant 
where there is most clayey matter in siispensioa in the sea-water. 

With the view of gaining some information as to the conditions 
under which ailica m^ht be secreted by organisms, we instituted a 
number of experiments with Diatoms and other silica-secreting plants. 
A culture solution, representing the mineral food of plants according 
to Sachs' formula, was prepared, consisting of — 

Distilled water. . . 200O grms. I Solphste of magDeaJa, . 1 gim. 

Chloride of sodiDm, 1 „ Phosphate of lime, . 1 ,, 

Nitrate of potash, . 2 „ Ferric chloride, . . 1 ,, 

Sulphate of lime, . I „ | 

(A) Into a portion of this solution a minute patch of Diatoms 
(Nuvieula) was placed (in August 1890) with a small quantity of 
.'filicic acid in the form of jelly. In the course of seventeen days 
they grew most Tigoronsly, the Diatoms increasing in great numbers 
— possessing the characteristic yellow-green colour of chlorophyll, 
giving oS oxygen abundantly in sunlight, and moving about vrith 
the peculiar motion of these organisms. From this patch of Diatoms 
we obtained the material for the following experimente. 

(B) A small quantity of living Diatoms from (A) was carefully 
washed so as to remove all traces of silicic acid or soluble silicates. 
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and transferred to a fresh portion of cnltare solution pure and 
simple. For a time the plants continued to live, but their increase 
was trifling, and after tmnty-seven days they presented the appear- 
ance of dead organisms, being deprived of their gteen colour, ceasing 
to give off ozygeu in snnlight, and were without motion. 

(C) Another patch of (A) carefully washed was placed in eul- 
tuie solution, into which a quantity of very finely-levigated clay 
from the fields was introduced. (This clay by careful washing was 
entirely freed from any soluble matter.) After a short time the 
whole clayey matter became entirely altered in appearance, forming 
a sticky matted-like subatance, from which in Bunlight oxygeu was 
freely given off, and which under the microscope showed an 
enormous growth of Diatoms, having the characteristic yellow- 
green colour of the healthy algffi. This experiment has been 
continued for a number of months, and the results obtained, so 
far as the development of Diatoms is concerned, has been bo 
extraordinary that we have examined with the utmost care any 
possible source from which they might derive silica (apparently 
necessary to their life functions), other than from the clay which 
was added.* 

The experiment (B) seemed to prove conclusively enough that 
siliceous plants cannot obtain silica in sufficient quantity from the 
glass vessels used for that experiment. We were also suspicious 
that atmospheric dnst might have provided a certain amount of 
siliceons nourishment, but the fact that the Diatoms in experiment(B) 
had been unable to live seemed to us to prove that neither from the 
glass -vessels nor from atmospheric dnst could they obtain, under t/u 

' Johann TlaTe, irritiug of Diatoms, remarks that these Alg» abound 
wherever vster collects, from the sea to the amslleat paddle on the v»y- 
eids, and are ReBerally associated with olaj or mud. Geratcubcrgh's plan 
foTthe propagation o( Diatoma is instractive. He spreads the mad [coQtainiDg 
Diatoms) on a plate or shallow dish, and eipcaes it to the fnll light of the sun. 
Stimolated by its rays, the plants begin to multiply rapidly, and on removal 
those left in the mud may be stimulated into active production by repeating 
the same process. By degrees the vitality of the little plant eihausts itself, 
sad it is necessary to revive their vegetative powers. Tbia may be accom- 
pliahed by creating an artificial spring and winter. You have only to allow 
the water to evaporate, and the mud to become nearly, but not quite, dry, when, 
on fresh water being poured over it, vegetation commences anew. In thia 
way gatherings originally poor may be mods to yield an sbnndaut supply of 
Dimtomaces. 

VOU XVIII. 20/6/91 ■y 
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careful conditione of our experiments, soffideat silica for Tigoroua 
growth. On plactng a small portion of the matted dndgj matter 
under the microacope, it was intereiting to notice that all round the 
outside, and even piercing into the very centre of the mmeral 
matter compodng the mnd, there were liring Diatoms in great 
abondance, whilst in the dearer field of the microscope free fiom 
clay, only a very few were detect«d floating aboat. These experi- 
ments seem to point to the oondnsion that these organisms are in 
the process of growth able to obtain their silica from (otherwise) 
insoluble compounds of ailicate of alumina. 

(D) A patch of (A) was introduced (August 1890) into culture 
solution containing silicate of lime. The tesult here was an 
abundant growth of Diatoms. 

(E) A patch of (A) was introduced (Angust 1890) into culture 
solatioD containing pure amorphous silica. A very few seemed to 
have lived, but the m^'or portion had died by December 15, 1890. 

(F) A pat«h of (A) was introduced (August 1890) into culture 
solution containing Diatom Ooze, and when examined shortly after- 
wards there seemed to be no growth, but subsequently (December 
16) a considerable mass of living Diatoms was observed. This 
may be due to the soluble silica present in Diatom Ooce, but 
of course such a source of silicic acid for surface Diatoms is oat 
of the question. However, Sponges may obtain their silicic acid in 
part in this manner. 

Take now tiie case of laud plants growing in a virgin soil, con- 
sisting of decomposing rocks, sand, clay, and salts of lime, potash, 
and BO on, or in a barren soil, from which, by repeated cropping all 
the soluble food salts have been extracted, but to which manure is 
added to replace the salts represented in the culture eolution used 
in our experiments. In either case we have bulky crops grown, and 
on examining the ash left on burning the grain or straw we find 
large quantities of silicic acid which has been absorbed, as is shown 
by the followii^ Table :— 

Tablb IV. 

The ash of wheat straw contains 73'57 per cent sihcic acid. 

„ barl^ „ „ 32'73 „ „ 

„ oat „ „ 38-48 „ „ 

hay „ „ 63-43 ' „ 
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Here we find silicic acid alwaja present, and in many cases bulk- 
ing very largely of the whole amount of the ash left on incinerating 
the plants. 

On looking at the analyaee of such soils, we find a very large 
proportion of their canstituente to consist of silicic acid, but in the 
insoluble form of sand, or in chemical combination with alumina as 
insoluble clay. 

In the drainage water from good arable land, the amonnt of silica 
found amounts only to 1 part in 100,000. There must therefore 
be proceeeea at work by which a plant can render soluble and make 
available the silicic acid of the soil, from which ita roots obtain thia 
in common with other mineral food. It has frequently been pointed 
out* that when polished slabs of marble, dolomite, or apatite were 
buried in pure sand, in which seeds were planted, wherever the 
roots of the plants reached the slabs corrosion of the surface took 
place, which is ezplauied by stating that the fine rootlets secrete 
acids having a solvent and disintegrating action on the lime-hearing 
rocks. The rootleta have in all probability a similar effect on siliceous 
n>ck& In the case of what we consider eminently siliceous plants, 
the silicic acid absorbed from the soil and secreted on tbe outer cell- 
walls of the steme and in the joints must, it appears to ns, have been 
so obt^ned. The clay, or even the sand grains, has been no doubt 
rendered soluble by plant action, for we have seen that no ordinary 
soil contains soluble silicic acid in tbe least degree equal to what is 
required for the healthy life of such plants as produce siliceous 
coatings. So far as we know, some plants usually containing silicic 
acid can he grown to vigorous and complete development under 
conditions in which they are entirely deprived of silicic acid ; and 
granting that sOicic acid does not appear to be necessary for their 
nutrition, yet we find it present in most plants, just in the same way as 
carbonate of lime, although not necessary for the nutrition of animals 
and plants, yet is always present in Foraminifera, Algie, &c., t where 
we find it always associated as part of the body structure. 

At one time agricnltarists supposed that by adding soluble sili- 
cates to the soil, the stems of cereals would be so strengthened that 

* Sachs' Phytielogy qf Plaat», pp. 202, 2es. 

t See Ponchet aod Ctiabry, " L'wo de mer artiUcielle Mmme tgent XiMa- 
gfnique," Journ. de VAnatomit, 1SS9, pp. 286-307. 
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the laying of crops by stonny weather would be prevented. The 
result proved that no more sUicic acid was secreted by plants under 
these conditions than when no such addition was made. Here we 
have apparently proof that the souice of silicic acid in plants lies 
beyond any question of soluble silica present in the soiL As to the 
secration of silicic acid by marine plante and animals, we think it 
is unnecessary to formulate any elaboTate chemical theory to account 
for its absorption and secretion. Then can be but little doubt that 
marine plants and animals have the power of decomposing the in- 
eolnble silicate of alumina, or clay, which we hare seen occun in 
all sea-waters we have examined. The ezperimenta we have been 
able to perform with Diatoms in the carefully-washed field clay and 
pure water, appear to indicate what takes place on such an enonnoos 
scale in nature, and to point to suspended clay as a tme source from 
which siliceous oiganisms derive their silica. 

In the case of the secretion of silicic acid by Sponges, we may have 
another condition of things, also capable of explanation in aaomewbat 
similar way. These Sponges grow in a muddy soil, and are provided 
with spicules, fixing them firmly in the deposit where decomposing 
organic matter is abundant, under the influence of which alkaline 
sulphides are continually being formed (by the deoxidation of the 
alkaline sulphates of sea-water). These sulphides may, acting 
locally, decompose the clay or silicate of alumina, setting free soluble 
silicic acid to be absorbed and stored up by the Spoi^ea. It is not 
impossible that Diatoms, floating ae they do near the surface of the 
water, may also receive silica in this manner, the o^nic matter 
present in the floating clay indirectly causing solution of silicic acid. 
The presence of alumina in a quantity of Diatoms obtained in the 
Antarctic Ocean seems to point not only to the original presenoe 
of clay in the water, but its subsequent decomposition by these 
alg». 

There is also distinct solution of silicic acid when mods consiBtang 
of the remains of calcareous and siliceous tnganisms are acted upon 
by sea-watoi, as shown by the following experiments. A por^on of 
mixed Diatom and Globigerina Oozes was placed in a litre of aea- 
water and some mussel flesh added, so as to obtain the conditions 
attending decomposing organic matter on an ocean floor couBiallng 
of these mixed muds. After a week's exposure, during which time 
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the organic matter had become pntrid, the water was carefuUf 
filtered irom the eediment, and the eilicic acid determined in the 
filtrate. The amoant found was equal to 0025 grm. per litre, or, 
according to the amount of water, 1 part of silica had been dissolved 
&om the Diatom Ooze in 41,000 parte of sea-vater. This action of 
silicic acid in decomposing carbonate of lime was further proved by 
exposing 2 gnns. of the two oozes to boiling water for half an honr, 
the amount of dlicic acid preeent in a soluble condition after that 
period amounting to 0014, or I is 80,000 of water. To check this 
result, and at the same time to determine whether the decomposing 
action of silicic acid upon carbonate of hme was continuous, a 
portion of the mixed oozes was heated with successive quantities of 
aea-wator, when it was found that this action was constant. Thus, 
in a mixture of 89'42 per cent, of calcareous orgauisma and 10-68 
per cent, of siliceous organisms, the amount of silica was reduced, 
bj 25 Buccesaive litres of sea-water, from 10'58 to 3'47 per cent., so 
that 67 per cent of the silica present was removed.* 

On looking at the Tables showii^ the amount of suspended day 
in sea-water (see pp. 241 and 242), and compaiii^ the amount with 
the soluble silica or silicates in sea-water, it is to be observed that 
the maximum amount of silica found is much larger than that 
present as suspended clay. In the actual determinations of this 
body in the seven waters (shown in Table III., p. 243), the 
amount of clay found in theae waters ranges from 264 to 8000 
tons per cubic mile of water, thus roughly representing from 132 to 
4000 tons of silica per cubic mile ; whilst soluble silica, by the 
analyste' resulte we have quoted, appears at a much higher figure. 

* In tbiB connectioQ Jalien rtatea ("On tile Geological Action of Enmas 
Acids," Proc Amer. Asa., vol. ixviu. p, 868) — " CouaidBiablo evidenco now 
exists thkt a substance corresponding to bnnius, simpl; in its jield of acid 
■olvents of lime, ozidea of iron, nianganese, &C. , enters universally into the 
constitution oE tbe layer of ooze upon the bottom of the ocean. Its exact coin- 
podtion baa never yet been determined \ but it may be suspected tbat it 
nsemblee that of glairine, especially in its high content oC silica. As it has 
tesulted f^m tbe coatiDUOUB decomposition of the cellulose membranes of the 
diatoniaees, &c., and of the gelatinoos aarcode of the radiolaria, spoogin, and 
toraminifera, wUch may be tiiere living or deposited by aubaidence from the 
inrface, its composition must differ widely from that of the humus of subaerial 
eremscatuis, in its large proportion of irater and nitrogen and in its poverty 
in orbon. It must thus present tbe most favonrable conditions for rapid . 
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In either case, without doubt the amount found is sufficient to 
acconnt foi the growth and accumuktion of siliceous organisms in 
modem seas; but a moment's consideration will show that, hj 
adopting the view that siliceous oiganisms obtain tb^ siliceous 
matter also from insoluble matter floating in the water, we can 
understand to some extent their distiibntion in the ocean, and how 
they may obtain what to them is a vast local supply (close at hand) 
without being required to deal with an euonuous quantity of liquid 
containing but minute traces of silica.* To exemplify what we 
mean, take, for example, an animal requiring, say, 1 lb. of solid 
food per day, this is quickly assimilated with the assistance of 
a email quantity of water ; but if we suppose this same amount of 
solid food dissolved in from 260,000 to 300,000 times its weight of 
water, we are unable to conceive the possibility of the jtuimal assim- 
ilating enough of the solid nutriment contained in this mass of 
liquid to sustain life. 

In a future paper we hope to give further results of experiments 
now in progress on the subjects treated of in this paper. 

In the analyses and determinations referred to in thb commnnica- 
tion we have been assisted throughoat by Mr W. S. Anderson, 
Chemist at the Scottish Marine Station, Granton, and we desire 
to thank him for the great attention he has given to all the 
experiments. 

* Tha abBtraction of silicic acid from iilicate of alumina will, of conrae, 
neceasitate tliat an cqnivalent anioaDt of alamina ibonld be aoooantsd for. 
Doubtlesa this passes into eolutian, for in all the sea-waten eiamiaed bj 
us, after a most careful filtration, alumina baa been found in solution (see also 
Dittmar's Beport, Phyi. Chem. Chall. E/^., part L) 
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A New Method for the SBtimating the Speoiflo Qravity of 

the Blood Sj John Berry Hayoraft, M.D., D.Sc. 

{I^ptioIogUal Laboratory, I7nwemty of StUnbttrgh.) 

(Read January IS, IBSl.) 

The method of Boy for detemuniiig the specific gravit; of the 
Uood u a very Mccellent one, and is capable of yielding eufficieiitly 
•ccarate reaoltfi. Over thirtf bottlee ooutainiiig mixturee of 
glyeerine and water of different speciGo gravity, raoging from 
1-030 to 1*070, sie used for the eatimatioD, and a drop of blood to 
be tested is placed in a sample of one of these fluids. If the drop 
sinks it is heavier, if it floats it has a lower specific gravity, and 
then anothec drop of the same blood is tested until by a few experi- 
ments the exact specific gravity is determined 

It might be imagined that this method is more difficult to carry 
out than it really is, and that it requires many attempts on the 
part of the experimenter, and the loss of much blood, before the 
specifio gravity is finally settled This is no doufat true in the case 
of a patient examined for the first time, but afterwards, knowing 
beforehand what the specific gravity is hkely to be, it is easy, with 
one or two trials, to find out if any change in the speciflo gravity 



The chief ol^ection to the method ia, however, the cumbrous 
nature of the appaiatus required, which would render it useless for 
the requirements of private practice, although undoubtedly of much 
value in the Hospital and Laboratory. 

The method I ventuie to introduce has this advantage that the 
apparatus used ia quite portable, requiring no more room than the 
space occupied by a small pocket case. Tbe method is accurate, 
requires only m single drop of blood, and, moreover, it is perhaps 
more quickly done than that of Boy. 

Two mixtnies of benzyl ohloride (sp. gr. 1*100) and toluol 
(sp. gr. 0-8706) are made, one (A) having a specific gravity of 1-070, 
■nd the other (B) having a specific gravity of 1*020. With a cubic 
i pipette graduated to T^th ccm., one ccm. of (A) is 
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measured o£E into a glass tube, and the drop of blood to be tested is 
allowed to flow into tbe tube as well. The drop of blood does not mix 
-with the solution, having a different surface tension from it, and floate 
on its surface as a tiny red globule. The graduated pipette is now 
filled with solution (B) and this is allowed to run slowl; into the 
mixing tube, shaking after each addition. As (B) flowa in, the 
specific gravity of the mixture is lowered, and after each addition 
and shake the red globule returns more and more slowly to tha 
surface. At last it neither tends to rise nor sink, and the mixture 
now has the specific gravity of the blood itself, Tha specific 
gravity of the mixture can readily be calculated, or found from 
the table attached to the apparatus made by Mr Fraser, Lothian 
Street. Suppose 0*5 co. of (B) has been added, the total wei^t of 
the fiuid divided by its volume will ^ve the specific gravity of the 
mixture. 

1 CO. at ep. gr. 1070 = 1070 
■5 cc at Bp. gr. 1020 « BIO 
l-5 > 1580 
1053 
As the mixtures of benzyl chloride and tolutd expand with heat 
they will vary in their apedfic gravity, so that a correction for 
temperature must be made if exactitude is required. The solutions 
(A) and (B) are |»epaTed at the temperature of 16°'6 Centigrade or 60* 
F. and if the temperature of the room in which the experiment is 
made is also 60° F. no collection will be needed. If, however, the 
temperature is higher than 60° F, the specific gravity of the fluids 
will be lower, and this fall of specific gravity will be at tha rate 
of V for every 2* F. 

Example 1 cc of (A) at 1070 =■ 1070 

■5 cc. of (B) at 1020 = 510 
1-S) 1580 
1063 
Temperature of room 66° F., therefore 3° * must be subtracted 
the real specific gravity of the mixture (and therefore of the blood) 
being 1-050 at that temperature. 

• The more aocnrate alloTaiuie for temperstuTe ia '88° sp. gr. for BVery 2° F. 
of temperature above 60°. For all ordinary purpotag 1° ap. gr. U auffioienttj 
occimU aud more euy to calculate, and heuoe that figure ia given in the text 
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My first attempt to estimate the specific gravity of blood vae by 
quite another method. While watching a globule of blood slowly 
desc«iid in a cylindrical vessel filled with oil, it occurred to me 
that by using drops of the some size, their specific gravity could 
easily be determined, for the higher their specific gravity the 
quicker would they fall By the rate of fall, I found that the 
specific gravity could be determined with the greatest accuracy, but 
inasmuch as the viscosity of the oil, snd therefore the rate of 
fall varies with the temperatoie, this must either remain constant 
or a correction made for it. As the viscosity varies considerably 
with even small changes of temperature I abandoned the method, 
as one incapable of cLiuical application, though it is, I find, highly to 
be recommended for laboratory purposes, where the temperature 
factor can be kept strictly under control. Having spent some time 
on this method I did not like to lelisquish the subject, and the 
plan already described in this paper was worked out. It occurred 
to me that if I conld obtain two fluids, both of which bad a difi'erent 
surface tension from blood, one of which procured a higher, the 
other a lower specific gravity than blood itself, I could mix them 
untU I hit off the exact specific gravity of any particular diop I 
might wish to examine. This is of course the principle of the 
method already detuled in this paper, but I was for some time 
unaUe to carry it ont in practice, more especially as such fluids 
must be very mobile in order readily to mix with each other, and 
mobile fiuids of high specific gravity are not very numerous. I 
first tried mixtures of chloroform and paraffin, one mixture having 
the spi gr. 1-070, and the other sp, gr. 1-020. This plan did not 
succeed at all, for the mixture affects the density of the blood itself, 
a globule of blood, say of slightly lighter specific gravity than a 
given mixture of chloroform and paraffin, on its first immeraion 
floating on the surface, hut after a few seconds acquiring density 
and sinking in the fluid. I then tried mixtures of chloroform and 
toluol (chloroform, sp. gr. 1-49S ; toluol, sp. gr. O'S706), and this 
time with success, the specific gravity of the blood reoiaimng 
constant in the mixture; This method succeeds admirably, but 
the mixtures are apt to lose specific gravity on keeping, for the 
chloroform is very volatile, boiling at 61° C. I then sought for 
another mobile fluid having a higher specific gravity and a high 
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boiling-point. After one or two triale I naed benq'l cbloride, 
CgHjCfljCL, having a specific gravity of 1100, and a boiling-pouit 
178° C. The only objection to this ia its irritatang vapour. It ia 
irell not to allow any of the fumes to get into the eyes, or sotnewbat 
painful smarting will result. 
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On the Eetimation of Uric Aoid in the Urine. A Reply 
to Oritioisms upon the Silver Method. By John 
Berry Haycraft, M.D., D.Sc 

(^Physiological Laboratory, Uniwreity of Edinburgh.) 
(BeadFebnui7l6, 1S91.) 
{Ahgb-aet.) 
I published in ttie Brit. Med. Jour., December 12, 18S5, a 
method invented by me for the easy and yet accurate eetimatioo 
of nric acid. The method consiBts in precipitating the uric acid 
as a silver salt, estimating the silver, and calculating the uric acid 
from the silver (1 68 uric acid to 108 silver). As no process was then 
invented which had itself been tested, except as Salkowski'a, by the 
side of others acknowledged to be inexact, I did all my work with 
weighed quantities of uric acid, and t«sted my process — the only 
straightforward way of working — by adding known quantities of 
nric acid to one of two samples of a nriue, and finding as a result 
of my estimations of the uric acid in the two samples practically 
the same difference as the weight of acid added. Hermann con- 
firms my work (Zeitseh. f. phyeidl. Chstnie, Bd. xiL b. 496), 
and Gzapek, working with Professor Huppert, proposes a modifica^ 
tion of my method, while Camerer's results (Zeitseh. /. Biologie, 
Bd. xxvii 8. 113) run on parallol lines. My results have been 
adversely criticised by Salkowski, who still maintains that uric acid 
and silver do not combine in a definit« ratio. This observer 
published in 1872 twelve analyses, wbicb show, according to his 
belief, tbat there is no constancy in the proportion between the 
silver and uric acid, and in 1889 he ^^n affirms the same 
thing, bringing forward in proof of his assertion some dozen 
analyses made by bis collet^e Professor John and himself. I waa 
for some time nnwilHng to take up the controveisy where Professor 
Salkowski had left it^ for, certain of the care with which my own 
work had been done, I waa quite willing to let the matter be 
settled by other and less prejudiced persons, especially as auch 
Reemed willing enough to undertake the task. As, however, my 
method had been widely used, especially for clinical purposes, and 
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as I had freqnently to answer queriea concerning ita acctuacy, I felt 
it my duty carefully to examine once more the whole question, and 
if there was any donbt about it, at once to set that doubt at test. 
I was I confesa agreeably eurprised to find that Professor Salkowski 
had made a slight mistake, which when rectified places bis own 
results and mine in complete accord. In order to make this point 
quite clear I will venture to reproduce Professor Salkowaki's 
results, arranging his analyses in order, beginning with the one 
having the least uiic acid. 



Salkomkea first ra6fc(1892). 
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•070 


■068 


-14 


3 71 






■046 


■071 


■061 


-20 


4-03 






■0*9 


■077 


■066 


-ai 


4-02 






■060 


■078 


■067 


-11 


3-45 






■061 


■07» 


■100 


+ 21 


2-24 






■064 


-084 


■070 


-14 


3-36 




10 


■090 


■004 


■083 


-U 


3-68 




11 


-OSi 


-100 


■088 


-12 


3-il 




12 


■078 


■114 


■088 


-28 


8-96 





I think "Sa. 8 is evidently a spoilt analysis, foe no similar result 
is ever again to be found in the tables of Salkoweki, JoUn, Hermann, 
or Czapek, and the last, urine "So. 12, must be considered under 
the bead of "urine saturated with uric acid." Such urines, and 
Czapek estimated some of these, atand by themselves, and probably 
require dilution before the analysis is made. Omitting theee two 
cases, and arrai^ing the results as I have done, it ia evident that 
there is, in each case, an excess of the uric acid estimated from the 
silver over that actually found by Salkowski's own process of about 
14 mgrms. This difference is as constant as one can expect, for 
Jolin and Salkowski, in performing two check analyses of the urie 
acid, in ooe and the same urine, by one and the same process, bil 
to get them then to coincide by 3 or 1 mgrms. What Salkowski 
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pTovea, therefore, is that by bis method about 14 mgrms. less uric 
w:id are found than by the eilver calculation. The mistake he fell 
into in interpreting his results will be obyious on referring to colamn 
5 of his table. He here calculates the ratio between the silver and 
aric acid found by his method and does not find it constant. The 
reason is very obvious, for in the weaker urines the loss of 14 
mgrms. will be comparatively a heavy loss, making the ratio of the 
nric acid to the silver low, while in the stronger urines the loss will 
be less felt A glance at the table will show this, for the silver in 
the upper part of the table is say 41 to 3, while in the lower part 
it sinks to say 3'4 to 3. The loss of a pound is much to a poor 
man, but will not inconvenience a rich one, because it bears a small 
ratio to the sum that he possesses. 

In Jolin and Salkowski's recent paper the same error is repeated 
without discovery, the table of estimation they give showing still 
more forcibly a " constant difference " as a result of their estima- 
tions. In the last two pagps of his article this is shown very 
forcibly in the case of two final experiments made by Salkowski, 
who estimates both the silver and the nric acid (by his method) in 
one and the same urine : — 



1 Urio Acid 

No. 1 reckoned from 

1 the Silver. 


Uric Acid di- 
(S^kowiki). 


Difference. 


Ratio between Silver 
and Uric Acid. 


1 
2 


■0758 
■0988 


■OfiW 
■0767 


19-1 
18 1 


8^99 : S 
8-68 : 3 



He saya " Das ^Equivalent verbal tniss zwischen Hamsaure und 
silber berechnet sich. Aus Vereuch 1=3:3^99 aus Ve ranch ii. 
3 : 3'66. Auch diese Beatimmungen bestatigen, also lediglich meine 
fruheren Angaben. It is obvious that the existence of a constant 
difference of about 19 mgrms. (more urine was used than in this case, 
hence the gieatei deficit) was all he really proves, and this con- 
stant deficit tells most in the case of the weaker nrine. Salkowski 
wonld not have misinterpreted his results had he arrauged them 
with sufficient care or pat in a column of differences which I have 
taken the liberty of adding. His results are therefore valuable 
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evideace ia favour of the Bilver pocBBs, for a conBtant difference sncli 
ae he obtains would not be possible were the compound (we will call 
it nrate of eUver) of unfixed and varying composition, &nd therefore 
his own lesults prove the proposition he inteaded to destroy. 

The constant difference of 14 mgrms. is due, at any rate in psrt, 
to the imperfections of his own method, which he had never taken 
the trouble to test, merely comparing his tesulta with tho«e 
obtained by the unexact method of Heintz. This difference has 
been reduced to within the limito of manipulative error by Hermann 
and Czapek, when comparing the silver method with the method 
introdaced by Ludwig. 

Mr Gossage has also criticised my method on the same groundi 
as Salkowski, but I am afraid that hie results must suffer a totallj 
different explanation. He gives five estimationa, in which he 
obtains the uric acid by the ailver method and by Salkoweki's 
method. His resolts may therefore strictly be compared with the 
exactly similar ones of Salkoweki and Jolin. His average difFtiKnce 
is 32 mgrmB., which is more than the extreme difference obtained 
hy the other chemisto (28 mgrms.). If we accept the results rf 
Salkowski and Jolin sa truBtworthy we are forced to look upon 
Mr Qossage's analyses as nntrastworthy, and indeed hie least msni- 
pulativQ error is greater than the greatest ever quoted by them. 
(For a full discussion of this question see a paper appearing in the 
next number of the ZeUnchrift f. phygiol. Chemie). 
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On a Method of Obeerving and Connting the Number of 
Water Portiolea in a Fog. By John Aitken, Esq. 

(Bead Hay 4, ISSl.) 

The phenomena known as hate, fog, mist, and lain are in a 
general way but the succeseivB developtuent of the same process, aod 
the line which divides Uie one from the other is very indefinite. 
Dost in the atmosphere produces a haze, and the thickness of a 
haze of this kind depends principally on the amount of dost present 
when the relative hnmidi^ of the atmnspheie is very low. But as 
the hamidity increases the effect of the vapour incieasea also ; the 
dost particles attract the water vapour which becomes deposited on 
them, thus increasing their size and their hazing effect, till at lost 
when the air is nearly satuiated it becomes very thick, and forms 
what we call a fog ; when in this condtttun, the thickness of the 
atmosphere depends principally on the degree of saturation. 
Between the haze and the fog, however, tliere ia no recognised dis- 
tinction in kind, it is principslly one of degree. After the air is 
ntnTat«d and the conditions are euch as to tend to cause snper- 
Hatoiatiou, then a change takes place in the condensation. A few 
of the dnst particles have water deposited on them, and after a 
time they grow and become little drops of water, in which the 
original dust nucleoa bears a very small proportion to the total 
weight. At this stage it is still called a fog, hut after more water 
is depoeited on the small drops they grow and become what is 
known as mist, and when the mist drops combine and fall they are 
called rain-drope. 

The instrument to be deecrihed wiU, it is hoped, in addition to 
enabling ua to count the water drops, also give ns a means of finding 
hy observation the boundary line between a dry fog and a wet one, the 
latter being the name often given to the first stages in the formation 
of a mist, when the condensation is taking place at the level of the 
observer. At present two forms of apparatus are being developed 
for observing these water particles. The firat and simplest is an 
instrument for observing whether there are any water particles in 
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the fog or not, that is, for determming whether it is a wet or a dry 
fog. Tbie instrument can also be used for conatliig the number of 
drops which fall on a given area in a ^ren time. It might be 
thought it would be quite unnecessary to nse an inatmment foe 
telling us whether there are any water drops in the fog or not ; 
because if there are any drops in it, they will be falling, and will wet 
all exposed surfaces, so that a piece of mirror ^uld be all that would 
be necesaary for the purpose. Such, however, is not the case. I 
have found in many fogs when all exposed surfaces were quite dry, 
that there were great quantities of water drops in the air and falling 
on all exposed surfaces. These drops, however, ^re so extremely 
small they are invisible under ordtnaty conditions^ and being so 
small they rapidly OTaporate, as all exposed surfaces, are generally 
more or less heated by radiation during the day. 

The plan I have adopted for observing these drops i3''the same as 
that need for observing the attiGciall; made drops in the " Pocket 
Dust-Counter," described in a previous communication,'* '.The new 
instrument consists of a gloss micrometer divided into squares of a 
known size, a spot-mirroi for illuminating the stage, and a strong 
lens or a microscope for observing the drops on the stages. The 
space between the micrometer and the lens is open, so that the air 
posses freely over the stage, and the drops that fall on its surface 
are easily-seen. These drops are very small ; as yet I have not hftd 
an opportunity of measDring them. They of course vary greatly in 
size, and many of them even when spread on the glase are not morei 
than 0*05 mm. In observing these drops the attention requires to 
be confined to a limited area of the stage, as many of the drops 
rapidly evaporate, some almost as soon as they touch the glass, 
whilst the larger ones remain a few seconds. A square of 1 mm. is 
rather small an area, but one of '^, or ^ cm. does very well when 
working with a magnifying lens. 

The following are samples of the results obtained when working 
with this instrument On the 19Lh February 1891, at 10 a.m., 
the tog was so thick that objects beyond 100 yards were quite 
invisible. The surfaces of bodies exposed in the open air were 
dry. On this occasion the number of drops falling per minute 
varied greatly from time to time. The highest number observed 
• Proc Soy. Soe. Edin., voL xviii. 
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iraa 30 drops per min. per sq. mm., that ia 3000 per aq. cm., or 
19,350 per sqoate inch per min. This high anmher never lasted 
for long, and in the intervals the number fell as low as 300 per eq. 
cm., or to one-tenth ; the temperature at the time was 29°, Two 
days later, that is on the 2lBt of February, the air was again very 
foggy, about the same thickness as it was on the 19th at 10 a.k., 
and all exposed surfaces were dry; the number counted was 13 
per sq. mm. per min., that ie 1300 per sq. cm. or 83S3 per sq, in. 
per min. This number remained fairly constant on this occasion, 
and slowly diminished as the fc^ cleared away. The temperature 
at the time was 31°. On both of these occaaions the temperature 
had not riseu more than ^° above the night minimum. The number 
of dost particles in the air was also counted on these occasions, and 
on both days the number was very high, varying from 45,000 to 
80,000 per cc 

The number of water particles in a fog, as given by these observa- 
tions, seems to be very large, and it is difficult to imagine how they 
evaporate so quickly that exposed surfaces are not wetted by them. 
It must, however, be lemembered that they aro very small, so email 
that they are not felt falling on the hands or face of the observer. 
Indeed, it ia probable they never touch the skin. These fog drops 
are very similar in size to the little drops artificially produced in 
the " Dnat-counler,'' and it is found that, if the stage of the "Dust- 
counter" is slightly heated, the dropa never roach its surface, 
but aro evaporated in the slightly heated layer of air over it. 

If we knew the aize of these drops we might he able to calculate 
the velocity of their fall, and from that obtain the number per given 
volume of air. As it would be mote satisfactory to obtain this 
number from direct observation, the second form of the instrument 
has been designed. It is constructed on the same principle as the 
Other one, hut an arrangement is made by means of which the 
number of particles that fall from a known height are counted. 
My first attempts in this direction wero not satisfactory, owing to 
nsing a magnifying lens for observing. This limited the height of 
air out of which the drops fell to httle more than 1 cm. Another 
instrument has since been constructed in which this difficulty ie 
overcome. In place of a short focnssed lens, a low power microscope 
is used. This enables us to get easily 6 cm. of air over the stage, 

VOL. xvtit. i/s/Sl z 
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In order to find the number of drops in this height of air the 
following plan has been adopted. UnderneatU and concentric vith 
the microscope is monnted a tnhe 5 cm. long and 4 cm. diameter. 
This tube is provided with a bottom and a cover ; these ace botk 
fixed to an axis parallel with the axis of the tube, so that by 
turning a handle both top and bottom can be slid sideways, and 
the tnbe closed or opened at top and bottom simultaneoualy, when 
desired. In the cover is a small opening cortespondiog to the lens 
of the microBCope, and in the centre of the bottom is fixed a 
micrometer illuminat«d by a apot-mirror. When the top and bottom 
are turned aeide the tube is open at both ends, and the air can 
circulate freely through it. On quickly turning the handle both 
top and bottom are closed, and the micrometer by the same move- 
ment is brought under the microscope, and all the drops that fall 
out of the 5 cm. of air over it are counted on a known area. 

This instrument was only completed just when the fogs were 
about over for a season, and no satisfactory readings have been as 
yet obtained. It was, however, thought advisable to give this pre- 
liminary note at present, as the season for foge has gone for a time, 
and it will give an opportunity for any one viehing to make obser 
vations in this way being prepared for tbe coming season. 

It may be mentioned that the instrument first described, may be 
found useful for observing tbe lai^er particlee of dust in the atmo- 
sphere. If it is exposed anywhere with the stage horizontal, the dust 
that settles on the glass can be distinctly seen with the lens. If the 
spot-mirror is applied to a microscope it givee an illumination veiy 
Buitable foe examining Uie smaller particles of dust The very 
small particles, which are quite invisible under the ordinary form of 
illumination, shine out brilliantly when illuminated by tbe spot- 
mirror. The spot-mirror has also been found useful in the micro- 
Bcopic examination of delicate objects other than dust particlee. 
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Ou an Optical Proof of the Ezistenoe of Suspended 
Hatter in Flames. By Sir Q. Q. Stokes, Bait, F.R.S. 
(/b a Utter to Pro/eetor Tait.) 

(BewlJunelS, 1891.) 

8 Belqratb Cemcxnt, 

Ediniurgh, June 13, 1391. 

Dear FROFmaoK Tait, — I write to put on paper an account of 
tiie observation I meationed to you to-night, in cAae you ehonld 
think it worth communicating to the Royal Society of Edinburgh. 

In the course of last summer I was led, in connection with some 
questions about lightJiooses, to pass a beam of sunlight, condensed 
by a lens, through the flame of a candle. I noticed that where the 
cone of ray8 cat the Inminous envelope there were two patchee of 
light brighter than the general flame, which were evidently due to 
sunlight scattered by matter in the envelope which was in a state of 
snspeosiDn. The patches corresponded in area to the intersection 
of the double cone by the envelope, and their thickness was, I may 
say, insensibly smalL Within the envelope, as well as ontside, 
there was none of this scattering. The patches were made more 
GOnspicnons by viewing the whole through a cell with an ammoniacal 
solution of a salt of copper, or through a blue glass coloured by 
cobalt In the former case the light from the flame was more 
we^ened than the scattered light, which was ncher in tays of high 
lefrai^bility ; in the latter case the patches were distinguished by a 
diflerence of colour, the patches being blue, while the flame (with a 
suitable thickness of blue ^ass) was purplish. The light of the 
patches exhibited the polarisation of light scattered by fine pariiclea 
— that is to say, when viewed in a direction perpendicular to th« 
incident light it was polarised in a plane passing through the beam 
and the line of sight. 

When the beam was passed throt^h the blue base of the flame 
there was no scattered light. A luminous gas flame ahowed the 
patches indicating scattered light like the flame of a candle, but 
less copiously. They were not seen in a Buusen flame or in the 
flame of alcohol, but were well seen in the Inminous flame of ether. 
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When a glasa jar was inverted over burning ether, the blue part, 
which does not show scattered light, extended higher till, just 
before the flame went out, the himinous part disappeared altogether. 
A fiunsen flame, fed with chloride of todium, did uot show the 
phenomenon, though the flame was fairly luminous. 

The phenomenon shows very prettily the separation of carbon 
(associated, it may be, with some hydrogen) in the flame, and at 
the same time the extreme thinness of the layer which this forma. 
It ehowB, too, the mode of separation of the carbon, namely, that it 
is due to the action of heat on the volatile hydrocarbon or vapoitr of 
ether, as the case may he. At the base, where there is a plentiful 
supply of oxygen, the molecules are humed at once. Higher up the 
heated products of combustion have time to decompose the com- 
bustible vapour before it gete oxygen enough to bum it. In the 
ether just going out, for want of fresh air, the previous decomposi- 
tion does not tate place, probably because the heat arising from the 
combustion is divided between a lai^e quantity of inert gas (nitrogen 
and products of combustion) and the combustible vapour, so that the 
portion which goes to the latter is not sufficient to decompose it 
prior to combustion. 

In the Bunsen flame fed with chloride of sodium, the absence of 
scattered light tallies with the testimony of the prism, that the 
sodium is in the state of vapour, though I would not insist on this 
proof, as it is possible that the test of scattering sunlight is not 
sufficiently deUcate to show the presence of so amall a quantity of 
matter in a solid or liquid state. — Yours, sincerely, 

G. G. Stores. 

P.S. — I fancy the thinness of the stratum of glowing carbon is 
due to its being attacked on both sides — on the outside by oxygen, 
on the inside by carbonic acid, which with the gUiwing carbon 
would form carbonic oxide. 
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Kote on the Isothermals of Etl^l Oxide. B; Prof. Tait 
(ReadJnIyS, 1S91.) 
The first three preBsnre-coIumns of the following little table were 
constructed from the elsboiate data giveu by Drs Rnmsay tatd Young 
in their important paper " On Evaporation and Dissociation," Part 
IV. {PAi7. iftij., May 1887). They give, in m<Stres of mercury, the 
pressures required to confine one gramme of oxide of ethyl to various 
specified numbers of cnbic centimetres, at temperatures near to that 
of the critical point. 

V nZ'-8 ABC 



386 




3865 


383 


34- 


34-3 


3443 


34-16 


31-2 


31-3 


31-53 


31-55 


28- 


28-1 


28-24 


28-41 




27.7 


27-42 


27-45 




27-2 + 


27-19 


27-3 




27-2 


27-19 


27-2 




27.2 


27-20 


27-2 


27- 


27-1 


27-12 


27-1 


266 


26.7 


26-80 


26-46 


26-9 


25-9 


26-00 


25-6 


229 


22-9 


22-89 


22-86 


18-3 


184 


18-26 


18-0 


150 


1-5-0 


14-97 


14-8 


7. 


7. 


7-01 


7-02 



60 

100 ... 3-7 3 69 3-75 

300 ... 1-27 1-28 132 

The values in the second column are tAken directly from the paper 
referred to (Table I.), in which 193°'8 C. is regarded by the Authors 
as the critical temperature. Those in column A were calculated 
for temperature 194° C. from the pressures given in the same table 
for 195° C. and 200° C. (occasionally 210" or 220° C). Those in 
column B were calcnlated, also for 194° C, from Table IL of Drs 
Kameay and Young, which contAins their "smoothed" values of 
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the constants. Finally, column C has been computed front mj 
own formula, in forma (given below) which are adapted to Tolumes 
greater and less than tbe critical volume, respectively. A glance at 
coiumn B shows that, so far ss the " smoothed" data are concerned, 
the critical point should be sought slightly ahooe 194° C. For, 
at that temperature, the pressure has still distinctly a maiimQin 
and a minimum value, both corresponding to volumes between 3 
and 5. Golomii A, calculated from the unsmoothed data, does not 
show this peculiarity. Heuce I have assumed, aa approsimate data 
for the critical point, 

U194°C., ^ = 2T-2, » = 4. 

The last of these is, I think, probably a little too large ; but we hare 
the express statement of Drs Ramsay and Young that tbe true 
critical volume is about 406. 

From their Table II., above referred to, I quote the first two linea 

below, giving (usually to only 3 Bignificant figures) valnes of dpjdl 

at constant volume : — 

V 2 2-5 3 4 5 10 20 60 100 300 

^ 1-60 0-S2 -022 -414 -319 -133 -056 -019 -009 -0029 

( .616 -426 -320 -131 -066 -019 009 -0029 

i 1-65 0-90 -633 -405 

The third and fourth lines ate calculated respectively from the 
ezpressions 

(0.86 4.4;)i-,^(l.2+J:55)l. 

representing the co-efficient of (< - ^) in my general formula 

Approximate values of the other constauta are now easily obtuned ; 
and we have, for the ciitical isothermal, while the volume exceeds 
the critical value, 

In attempting to construct a corresponding formula lot Tolmnee 
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lower than the critical lange, I assamed 3-5 as an inferior critical 
Tolmue, and obtained 



— O-^^,)- 



As 'wilt be seen hy the numbers in column C above, which are 
calculated from them, these formulEe represent the experimental 
nsulte very closely : — but I am not quite satisfied with the first of 
tfaem, becanss the value (3), which it assigns to a, seems to be too 
large in comparison with v. Sut, on the other hand, if we much 
ledace this vaiue of a, the closeness of representation of dpjdi is 
much impaired. Again, the value (—1*5) which is assigned for a 
in the second of these formuUe is inconsistent with the fact that at 
0* C and 1 atm. the volume of one gramme is 1'4 cc. nearly. But 
ft very small change of a, will entirely remove this objection, and 
will not perceptibly impair the agreement of the fonnula with 
experiment. 

The general formula is applicable to temperatures considerably 
under that of the critical point, for volumes greater Vaxa 4. In foct 
Dra Ramsay and Young seem to assert that at any constant volume 
p is a linear function of t. But I think even their own experiments 
show that, for v<i, there is diminution of the value of dpfdt as soon 
as the temperature falls below the critical value : — i.e., as soon as we 
begin to deal with liquid alone. And certainly eucfa is the result 
which theory would lead us to expect. 

[It b curious to note that if, in my general formuhe {Trann. 
R.S.E., xxxvi. p. 265), we assume 

o = y, 
we have 

and this leads to 

^ ^\ v{y + yf} \ V + y) v 

with the condition 

3o+2y-Rr/p. 
This formula ditEers by want of one disposable constant from (C) 
of the paper referred to, but approximates much more closely to it 
than does either (A) or (B).] 
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Additdanal Observations on the Development and IJfe- 
Hiatoriea of the Marine Food-Fishes, and the Dis- 
tribution of their Ova. By Prof. W. O. M'lntoBh. 

Ahstraet. 
(Bead July 20. 1891.) 

Since the previoas communication to the Society by the author 
and ProfeesoT Prince, not a few dubious points have been cleared 
up, aud, by the courtesy of the Fishery Board for Scotland, further 
investigations on the general subject carried out at the St Audrewi 
Marine Laboratory. Under the former head may be uientioned the 
large unknown pelagic e^, with a spacious privitelline space, termed 
Ovum of Pleuroneclid B, This has been proved by Mr E. W. L 
Holt to be the egg of the Long Rough Bab, so that the ambiguity 
which has existed since the Trawling Expeditions of 1884 ie now st 
an end. The larval and early post-larval stages of the species have 
already been described and figured. A more detailed series of 
observations have also been made on the development of the Lomon 
Dab 01 Lemon "Sole," as it is somewhat ambiguously termed, 
showing how readily ova can be transmitted long distances, and 
the larval and poet-larval stages reared subsequently. Fonneily, 
only the ovarian egg of Milller's Topknot was deaoribed and 
figured; now the fertilized and free-floating egg and its develop- 
ment have been studied. Like the egg of the Turbot and Brill, this 
has an oil^lobule. The latva is tinted of a deep gamboge-yellow on 
head, trunk, and upper part of yolk-sac, while the oil-globule is con- 
spicuous at the posterior and lower part of the yolk by an environ- 
ment of the same bright hue. 

Amongst forms hitherto unknown is an ovum somewhat less than 
that of the Gurnard, with a large privitelline epace and an oil- 
globule. Its development has only been partially followed, and its 
relationships are unknown. The ova of the threa-bearded rockling 
have been procured in great numbers along with other two species 
of the same group, and the changes during development described. 
The most interesting additions, however, are thoae connected witb 
the laiger and the lesser Sand-eels, the reproduction of which wu 
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involved in considerable confuaion. Both forms have now been 
Bbown to bave small demersal eggs which poaseas a single laige 
coloured oil-globule when ripe, and, moreover, have the zona radiata 
covered by a special papillose layer which causes them to adhere 
to plates of glass and other foreign bodies. In the larger Sand- 
eel the oil-globule ia greeoiah yellow, in the leaaer it is reddish 
or brownish yellow. In the earlier atagea of the eggs in the 
ovary, the particles of greenieb yellow oil are scattered throughout 
the giannlar yolk, but they gradually coalesce until the mature 
ovarian e^ has only h aiugle large globule. Towaida the period of 
hatching these globules undergo a curious change of tint in the 
embryos, just before yellowish pigment appeals in the trunk, and 
the special papillose coating of the egg disappears, leaving the zona 
bare. &a in the herring, no vitelline circulation is established, and 
the yolk is considerably diminished before extrusion. The investi- 
gation of the developing ^^ has also cleared up the relationahipe 
of certain larvte, such as D and Q,* which are shown to be the early 
stages of the forms under consideiation. They occur in great 
numbers at certain seasons, as in March. It was apparent that they 
did not sprii^ from pelagic eggs, since these would have been 
captured by the various nets before the advent of the young forms. 
It ia now evident that two apawmng periods or a much prolonged 
one are cbaracteriatic of the Sand-eel, the larvce of which are found 
from March to July, or perhaps even later. 

By the frequent use of various kinds of tow-nets on board the 
'Garland' and at St Andrews, at all seasons, an endeavour has 
been made to ascertain the distribution of the pelagic eggs of the 
food-fiahes round our shores. They bave been found at all depths, 
snrface, midwater, and bottom, and sometimes in great numbers, 
especially where cod, haddock, whiting, and other forms congregate. 
Their abundance, as formerly indicated, is generally in keeping with 
that of the adults in the neighbourhood, though many are swept 
into adjacent areas where few or no adults occur. Moreover, while 
there ia a general resemblance in the collections of the pelagic ova 
of the British coasts, certain areas have features of their own. Thus, 
the floating ^gs of the pilchard and mackerel are characteristic of 
the south and south-west ; the eastern waters of Scotland, as ofi the 
• Tmnt. Boy. Sot. Edin., vol. hit. pt. iii. pp. 880, 881, plate viii. fig. 1, 
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Forth, teem with those of gadoids and pleoronectids, amongst which 
the cod, haddock, whiting, and long longh dah are conspicuous ; 
while the sea off the weet of Scotland, as in the Clyde ares, presents 
SQch pelagic egga as those of the varic^ted sole, witch, mullet-like 
apeciee and numerons ova of the dngonet The period of the year 
is also more or less characterised hy the occmrence of certain forms. 
Thus m Jaonary, ofi the east coast of Scotland, the eggs of rockling 
sad plaice appear, followed by those of the haddock, bib, and long 
rough dab. In March and April the eggs of the cod, ling, dab, 
sprat, gnrnatd, lemon-dab, brill, and other forms are common. As 
the season advances the ova of the weever, whiting, diagonet, 
witch, sole, and solenette are found ; those of the turbot and 
topknot appearing towards the end of July. 
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A Case of DefeotiTe Endochondral OsEdfloation in a 
Human Fcatos (so-called Cretinoid). B7 Johnson 
Symington, M.D., and Henry Alexis Thomson, M.D. 
{With Three Plates.) 

(Bead June IG, ISSl.) 

"We have Tentnied lo bring oui examination of this epecimen 
nnder the notice of the Society, not so much for ite pathological 
interest, as for the light which it throws upon the normal mode of 
growth of the ekeleton. There has been a tendency of late to regard 
endochondral ossification as quite secondary in importance to that 
of membianouB ossification, but we believe that the case illustrates 
in a very striking manner the important part played by ossification 
in cartilage in the growth of the greater part of the ekeleton. 

The specimen is a female fcetus, which we received last February 
from Dr Qonin of FontypooL It was bom at the full time, and the 
labour was natnial, except that the liquor amnii was in great excess, 
and that the forceps were used to assist the progress of the head. 

Tbe father is a healthy man, aged twenty-six years. The mother, 
who is a year 01 two younger, suffers from occasional fits, regarded 
by her doctor as epileptic. They have two healthy children, aged 
four and two. About three months before this, their third child, 
WM bom, the mother was violently assaulted by another woman. 
There is no history of any relative of the parents having sufiered 
from any malformation of the skeleton. 

The fcetus weighed 8 lbs. 2 oz. Its general external appearances 
are shown in Plate I., which ia the reproduction of a photograph 
taken by ourselves. The most striking feature is the shortness of 
the upper and lower extremities, which are not only greatly 
diminished in length, hut are very thick, and marked by deep 
transverse sulci. The head and trunk, on the other hand, are of 
nearly normal size. A closer examination of the head shows, 
however, a few peculiarities. Thus its upper part is somewhat 
enlarged, and the fontanelles are abnormally open. There is a deep 
sulcus at the root of the nose, which is exaggerated by the forward 
bulging of the forehead ; the nose itself is short and thick. This 
appearance has been described as resembling that of a hull-dog. 
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The tosgoe protrudes from the open month 2 cm. beyond the upper 
lip, and lies upon the projecting lower lip. The trunk, as covered 
with eoft parts, seems well formed. There is a distinct post-anal 
dimple placed 4 cm. above the anus. The skin, hair, and nails are 
normal 

TaUe of MeamremenU. 
Total length from vertex to heel, . . . 40'0 cm. 
Length from vertex to perineum, . . . 36'5 cm. 
Length from vertex to umbilicus, . 285 cm. 

Length from finger tip to finger tip, with arms 

abdncted at right angles with trunk, 28 cm. 

Total length of arm measured from base of 

axilla to finger tip, .... 7*6 cm. 

Total length of lower limb measured from 

centre of Foupart's ligament to heel, 87 cm. 

Biparietal diameter of head, .... 10'8 cm. 
Occipito-frontal diameter of head, . . 13*3 cm. 

Circumference, ...... 20'9 cm. 

The fcetus was iqjected as soon as it came into our possession with 
Miiller's fluid, and then kept in this fluid, which was frequently 
changed. 

After the specimen was hardened it was carefully dissected. On 
reflecting the skin a layer of normal fat was exposed, which was 
lathei' thicker than usual. The muscles, blood-vessels, and nerves 
did not present any unusual variations. The muscles of the 
extremities had thick short bellies, due to the shortness of the bones. 
All the viscera were found to present a normal appearance to the 
naked eye. 

The thymus and thyroid were removed, and submitted for exami- 
nation to Dr G. L. Gullaud, who very kindly favoured us with tlie 
following report : — 

" Thymus. — In weight and dimensions decidedly above the normal, 
hut the organ is subject to considerable variations in size. Micro- 
scopically there was nothing worth recording, except that the 
lobules were rather larger than usual, and that the concentric cor- 
puscles were better formed than is usual in a nine months' fcetua. 

" Thyroid. — Weight and dimensions rather above the normal 
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HicToscopically the following Gbangee were observed. The acini 
were irregular in eiee and shape. The blood-Teasels remarkably 
distended with blood, and here and there so tortuous, as apparently 
to project into tbe lumen of the acini The epithelial cells were of 
large siie, roughly cubical in shape, witha large nuolens and relatively 
large Bmaont of protoplasm. In some parts the cells were adherent 
to the walls of the acini, but for the most part were lying loose 
in their interior, almost filling them with desquamated cells, from 
some of which, more granular than the rest, the nucleus had dis- 
appeared. There was no marked leucocyte infiltration. 

" The changes above described may be included in tbe term acute 
desquamative catarrh." 

As tbe f(BtuB had been dead about eight days when we received 
it, the brain and spinal cord were not sufficiently well preeerred for 
micnMcopic examination, but we succeeded in demonstrating some 
interesting changes in the general confignratioD of the bnin. Aa 
these, however, were secondary to certain deformities in the cranium, 
we will defer their description nntil after that of the ekuU bones. 

The essential and characteristic lesion in this specimen is found in 
connection with the skeleton ; and before proceeding to describe is 
detail the alterations in the individual bones, it appears advisable to 
state first, in general terms, that the aUeratiotu pretent are confined to 
certain group! of bones, whQe others are quite normal. Tbelatteram^ 

(1) Those which are formed entirely in membrane, e.g., the flat 

bones of the vault of the skull. 

(2) Those which, although formed in cartilage, remain entirely 

or mainly cartilaginous till an advanced period of fcatal life, 
so that their general growth is quite independent of endo- 
chondral ossification, Aa examples of these may be mentioned 
tbe steninm, costal cartilage^ patella, and tbe tarsal and 
carpal bones. 
The departures from the normal a&ect those parts of ^e skeleton 
which, formed in cartilage, largely depend for their growth during 
fcetal life upon endochondral ossification, the cause of the departure 
being a premature arrest or absence of this prooees. The bones 
belonging to this group are the long bones of the extremities, the ribs, 
tbe posterior part of the base of the skull and the ionominate bones. 
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Skdll. — Ab the growth and oaaification of the skull is a very 
complex process it aSorde namerous iUustiationB of the above 
generalisatioDH. Thus the Tarions membrane bones are normal, 
the parte cartilaginous at birth are of their usual size and form, 
while those bones which are ossified from cartilage at an early 
period of ftetal life are considerably modified. Further, we find 
at the base of the skull a marked synostosis of certain bony 
centres. After the entire head with the brain in eitu had been 
well hardened in Miiller's fluid, a sagittal mesial section was made 
with a large knife. Similar preparations were made of the head of 
a normal nine months' foetus for purposes of compaiison. In the 
sections thus obtained, the principal alterations in the base of the 
skull are well seeu. (See Plate II. figs. 1 and 2.) 

The part of the base which extends from the foramen magnum 
to the anterior edge of the pre-sphenoid is abnormally short, 
measuring 2i cm. only, as compared with 36 cm. in the normal 
fcetns. This shortened portion of the base is represented by a 
single osseous nucleus, the os tribasilare of Virchow, so called 
because it corresponds to the three nuclei — basi-occipital, post- 
sphenoid, and pro-spheuoid, which Virchow found united in 
the skull of a cretin. 

This single osseous nucleus conusts of cancellous bone, il< 
margins are regular, escepting the anterior which is markedly 
irregular, presenting a number of tapering processes which project 
forwards into the cartilage. This nucleus is usually regarded as 
being formed by the fusion of three originally distinct nuclei 
hy a process of synostosis; the appearance of the anterior 
margin, as above described, suggests the probability that, at any- 
rate, the pre-sphenoid element has been formed by an extension 
from an osseous centre lying posterior to it, and not from a eepatate 
centre. 

The mesial portion of the base of the skull in front of the 
sphenoid being norma}ly caitilagiuous at birth, is in this specimen 
of normal length. Thus the distance from the anterior edge of 
the OS tribasilare to the level of the fronto-nasal suture was 3 cm., 
and in the normal foetus the distance was the same from the anterior 
edge of the pre-sphenoid nucleus to the fronto-nasal suture. The 
continuation of the mes-ethmoid cartilage under the nasal 
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bones towards the tip of the nose ia also normaL We find, 
therefore, a distinct shortening of the base of the CTanium in 
front of the foramen magnum, this Bhottening being limited 
to the parts normaUy ossi£ed at biitb, by intra-cartilaginoua 
ossification. 

Oecipiial hone. — The upper portion of the sapra«ccipital (inter- 
parietal booe of comparative anatomists) which is developed in 
membrane is well formed ; its junction with the lower portion of 
the snpia-occipital is indicated bf the nsual fiesurs extending 
inwards from the mai^n on either side. All the parts of tbe 
occipital bone ossified from cartilage, viz., the lower part of the 
supra-occipital, the ex-occipitals, and the basi-occipital, are much 
smaller than normal, and are not separated from one another by 
cartilage as in the normal fcetus ; the lower part of the supra- 
occipital being ossified to the ex-occipitals, whereas normally they 
are separated by a layer of cartilage several millimetres in thickness. 
Again, the cartilage between the ex-occipitals and the bau-occipital 
is absent, although there is no osseous union of these bones. 
Tbe chaises in the basi-occipital have already been described. 
The foramen magnum ia remarkably diminished in size, measuring 
only '65 cul in its antero-poeterior diameter, compared with 2 '2 
cm., which we found to be the average of fonr normal skulls. 
This diminution is, of course, tbe direct result of the premature 
ossification and arrested development of the four elements of the 
occipital bone which snrround the foramen, and by the growth of 
which the foramen increases in size. 

SpTienoid. — As already mentioned, the pre- and poet-ephenoidal 
nuclei, together with the basi-occipital, are represented by a single 
oeseons mass, the os tribasilare. The pituitary fossa is distinctly 
smaller than usual, its antero-posterior diameter being '6 cm. as 
compared with 1 '0 cm. The orbito-spbenoids, or lesser wings, are 
smaller. The aUe-ephenoids (greater wings), on the other hand, are 
folly as large as normal ; this suggests that they are not formed 
entirely in cartilage as commonly described, but partly in membrane^ 
and the radiating appearance of their outer edge supports this view. 
Ethmoid. — The mes-ethmoid, which is normally cartilaginous at 
birth, is, as we have already mentioned, of normal size. Its 
lateral masses, although well ossified, are distinctly smaller than 
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Dortnal. The inferior tuibinale, a cartilage bone, is also small and 
well ossified. 

Temporal bone. — The membranons portions (sqaamo-zygomatic 
and tympanic) are normal, but the petro-mastoid, developed in 
cartilage, is diatinctly smaller than normal, and its cranial snr&c« is 
irregular in form, the prominence of the superior semicircular canal 
and the fioccolar fossa being indistinct The anditory oasicles are 
well ossified, and are practically normal in sisa. 

All the foramina piercing the cartilaginous portion of the base of 
the skull are distinctly diminished in size. The bones forming the 
vault of the sknll — frontals, parietals, and upper part of anpra- 
occipital are normally ossified, but the calvaria presents certtun 
peculiarities. Thus all the fontoneltes, mesial and lateral, are en- 
larged, and the two halves of the frontal and the two parietals are 
further apart than normal. The reason of the enlai^ement of the 
fontanelles is found in the fact that the base of the skull is so short 
that an abnormal separation of the bones of the vault was necessary 
to give space for the growing brain. For the same reason the 
vertical plates of the frontal are bulged forwards. There is, 
therefore, a general enlargement of the vault of the skull compen- 
satory in character. All the facial bones developed in membrane 
are practically normal. 

The lower jaw is the only one presenting any pecnliaritiy. The 
ossification of this bone is complex, it being formed partly in 
cartilage and partly in membrane. On the whole it is distinctly 
smaller than normal ; thus it measured 3*3 cm. along the lower 
body of the body from the angle to the symphysis, as compared 
with 4*5 in a normal specimen. The vertical depth of the body 
was very slightly diminished. 

The portion of the bodyin front of the mental foramen was of normal 
length, but iia anterior extremity corresponding to the central incisor 
was partly cortilaginona and imperfectly united with the rest of the 
bone. This is the only portion of the lower jaw which is formed 
by the ossification of Meckel's cartilage, the greater part of the body 
of the jaw being oaaified in membrane external to Meckel's cartilage. 
The small size of the lower jaw was evidently due to the fact that 
its posterior portion is ossified in cartilage. 
Before proceeding to the examination of the other ports of the 
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skeletOD, a brief refereuce Toaj be made to the condition of the 
"Bb/lls. ThJH oTgon 'wbb baidenod in ntu, and the entire head was 
then divided by a sagittal mesial aeotion. Fig. 2 of Plate II. ia a 
drawing of tha right half of port of thia section, while fig. 1 on the 
same plate shows the same structnies in a normal nine months' 
foetus. A comparison of tiieae two figoree Will demonstrate the fact 
that the normal relations of the brain have been consideiabl/ 
altered, these alterations being secondaiy to those in the skull. 

The lower part of the medulla is notably diminished in siie ; thia 
is probably doe to the smallness of the foramen magnum. The 
medulla and pons normally estend from the foramen magnum to the 
upper edge of the dorsgm selUe, but in this case fnlly one-half of the 
pons lies above the level of the dorsnm selhe. The long axis of the 
medulla and pons, which is usually directed from below upwards 
and somewhat forwards, is here inclined upwards and backwards. 

These changes were obviously due to the decrease in the length 
of the base of the skull in front of the foramen magnum. The optic 
thalomi are also displaced backwards and upwards, and lie between 
the splenium of the corpus callosum above and the corpora quadri- 
gemina below. Iformallj these two structures are only about '3 cm. 
apart, while in our cose they are separated a distance of I'S cm. aa 
measured from the splenium to the upper extremity of the nates. 
The posterior part of tbe corpus callosum is pushed upwards so that 
its anteny-posterior arch is less marked than usual. The most strik- 
ing changes, however, we found in connection with the form and 
position of the cerebellum, which is finttened from above downwards 
and backwards, so that its long axis is directed from the foramen 
magnum upwards and backwards. Associated with this, there ia an 
alteration in the attachment of the tentorium and in the situation of 
the latwal sinus, while the falx cerebelli is greatly incfeased in 
length. The torcnlar Eeiophili is 63 cm. distant from the posterior 
edge of the foramen magnum, whereas it is generally about 2'5 cm. 
The lateral sinus and attachment of the tentorium cerebelli correspond 
to the lambdoidal suture, so that the cerebellar fossa reaches to the 
upper limit of the Bupra.occipitaL No distension of the third or 
fourth ventricles, the aqueduct of Sylvius or the foramen of Monro, 
is seen in the mesial section ; and after the removal of one-half of the 
brain and cutting into it, the lateral ventricle was also found of the 
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normal size. In the description of ssTeral specimens of a aimilir 
nature to ours, hydrocephalus has been assumed to exist Irom the 
appearance of the vault of the dried skull in which the fontanelks 
were increased in size. As already pointed out, we believe this con- 
dition of the vault ie due to the marked diminution in the dimea- 
eions of the base of the skull, causing the brun to be displaced 
upwards, and in this way leading to the ezpansiou of the vault 

The pituitary body was examined microscopically and found 
normal. 

Vertebral Column. — ^Tbe spine does not differ in length from 
that of a normal foetus (21 cm.) ; it presents an abnonusl currs 
forwards in its thoracic segment and an unusual degree of lordosis 
in the lumbo-sacral legion ; both were found to depend on altea- 
tions in the thorax and pelvis respectively, as will be described. 

A mesial sagittal section of the spine showed (1) that the oedfy- 
ing nucleus in the centre of each body was only one-half of the 
normal size, and (2) that the antero-posterior diameter of each body 
was '3 cm. less than the average, while the vertical diameter ts 
already mentioned is quite nonnaL This is explained by the fact 
that the vertebral bodies grow in the anteio-postarior diamettr 
during fcetal life by progressive ossification, while increase in their 
vertical diameter is dependent upon cartilaginous growth. There 
was no deficiency in the number of the osseous nuclei throu^^oot 
the spine. The amount of central soft substance in the intw- 
vertebral discs was excessive. 

The fourth to the seventh dorsal vertebras inclusive wrae 
examined microscopically ; the appearances which they present will 
be discnsaed with those found in the other bones. 

Thorax. — The thorax, after removal of the soft parts, was foimd 
remarkably small and flattened, and on either aide presented > 
farrow or depression along the line of junction of the ribs witb thdi 
cartilages. 

The diminution in the capacity of the thorax is indicated hy the 
following comparative measurements — 

Greatest antero-posterior diameter, 3*6 cm. in the epanmen, 6'3 ia 
the normal fuetus. 

Greatest transverse diameter, i'4 cm. in the specimen, 8 in the 
normal foetus. 
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This remarkable cantraction of tiie cheat was found to depend 
entirely npon the attested development of the ribe ; the lattet are 
leas than half the noTinal length at biith, while the costal cartilages 
ate of the full average size. 

The longest, or 7th tib, measured along the convexity 3'2 cm. in 

the specimen, 7 8 in the normal. 
The longest, or 7th costal cartilage, measured along the convexity 

6-4 cm. in the specimen, 6 in the normal 

The ribs are sharply curved, and join their cartilagee at an 
angle. Ertemally this sngnkr junotion is responsible for the 
furrow mentioned above, while on the internal or pleural aspect it 
forms a prominent projection, like that of a rosary. 

Further, as a result of their shortness, the ribs ara more horizontal 
than normal, and the costal extremity of each is slightly cupped. 

The 7th rib and its cartilage were examined microscopically ; the 
appeuances observed will be afterwaide refened to. 

The sternum is of full size and is well formed; it consists 
entirely of normal hyaline cartilage, nithont any trace of osseous 
nucleL 

The Pelvis, like the thorax, is remarkably contracted in all its 
diameters, especially, however, in the conjugate at the biim, which 
is less than half of the same diametet at birth. 

Conjugate at the brim in the specimen, 1'3, in the normal 28 cm. 
Transverse, „ „ „ 28 „ „ 3-6 „ 

InterspinouB diameter, , . .66 „ „ 7'4 „ 

The pelvis is, therefore, generally Contracted and Sat. Further, 
the diminution in the size of the pelvis is shown by the fact that 
the tip of the coccyx projects 3*1 cm. below the level of the lower 
border of the pubic symphysis, and 2 cm. below the level of the 
ischial tuberosity. 

The above alterations ore entirely due to the early arrest of the 
oeseons growth of the constituent elements of the ossa innominata,. 
while the eacto-coccygeal portion of the spine ie of the usual size and 
leugth, being so independently of oeeification. The innominate 
bone, as examined after dehydration and clearing in naphtha, was 
found to consist almost entirely of cartilage, the normal - osseous 
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nuclei, to the numbeT of three, having nmained exceedingly small. 
In consequence of this arrest of ossification, the entire bone is 
dwarfed and sharply curved npon itself, causing the flattening and 
contraction of the pelvis already raferred to. The acetabular cavity 
was of normal size. 

Dimensions of innominate bone : — 

Total height from ciest to tubei ischii, in the specimen 4-8, in 
the normal 6 '6 cm. 

Breadth of ilium from anterior to posterior ^pine, in the epecimen 
3'3, in the normal 4:'l cm. 

BoKBB OF THE ExTftBHiTiss. — The various long bonee, inasmuch 
as they depend for their growth in length npon a progressive car- 
tilaginous nesification during foetal as well as during extro-nteriue 
life, have especially suffered from the arrest of this process; Tlieir 
total length is, in general terms, only one-half of the normal, as can 
he readily seen from the following comparative measurements : — 



In 


la Dormal 


In 


Innonnal 




fffitua. 


specimen 


fcetOB. 


Humenui, . . . S-6 


8-4 cm. 


Famnr, ... 4 


10 em. 


1 Radius, ... 27 


6-4 „ 


TibU, ... 8-8 


8 


Ulna, .... 2-8 


7-3 „ 


Pibala, . . . S-3 


7-8 „ 


Metacarpals ■ ■ 1'2 


1-8 „ 


HetataiMla, . . -8 


8-8 „ 




1"2 ,. 


Proiimalphalugea, -G 


1 



These measurements do not fully represent the degree of defective 
endochondral ossification, because the cartilaginous ends of the 
bones are of normal size, and the shortening is confined to the 
diaphyses. This is readily explained by the fact that the carti- 
laginous ends during fcetal life Increase in size by growth of 
cartilage, while, in the case of the shafts, the increase is the result 
of progressive ossification. 

The diaphysis is seen, from the following measnraments, to be 
only about one-third of the normal length : — ■ 

Length of diaphysis of humerus, in specimen 21, in nonual 6 cm. 
„ „ femur, „ 22, „ 7 „ 

» .. fibula, „ 16, „ 5-8 „ 
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In circa mference the shafts are quite normal With scarcely an 
exception the shafto present very pronounced curvatures, which arc 
in each case an ezaggeratioa of the normal curve of the bone. Hie 
humems is abruptly cnrred forwards in its lower half, the radios 
and nlna are uniformly curved, with the concavity on the flexor 
aspect. The femur is bent almost to a right angle at the junction 
of the shaft with the lower end, the angle being open posteriorly. 
The tibia is nniformly convex forwards, and the flbula backwards. 
The metacarpals and metatarsals have practically no shaft; they 
possess a minute central oeseoas nucleus, which is almost Buirounded 
by the carlilaginouB ends. 

The CQTvatures we have deecribed do not appear to result) like 
those met with in rickets, from softness of the bones. The shafts 
are firm and rigid. We would soggest that they depend npon arrest 
of the cartilaginous ossification and consequent arrest of growth in 
the axial portion of the shaft, while the peripheral membranous 
ossification continues. 

Lastly, the secondary centres of ossification or epiphyses at 
the ends of long bones, which are normally present at birth, 
e.g., in lower end of femor and upper end of tibia, are entirely 
absent. 

The joints of the extremities have sulfered in function in conse- 
quence of the alterations in the bones. They are disproportionate 
in size, and their movements are serionsly restricted by the large 
siee of the cartilaginous ends of the bones over which the Ugaments 
are tightly stretched. Generally speaking, all the joints are fixed 
in the fiexed position. 

The condition of the short bones of the extremitieB is similar to 
that of the short bones of the trunk. Those which are cartilaginous 
at birth ore of normal size, e.g., carpus. Those which have a central 
osseous nucleus at birth, e.ff., oAtTagaloB, os calcie^ but which do not 
depend for their growth on ossification proceeding from the nuclens, 
are also of normal size. The central nucleus, however, is distinctly 
smaller. 

The difisrence between the long and short bones is well illustTat«d 
by a longitudinal section of the foot passing through the great toe, 
the tarsus being found of normal size, while ths metatarsals and 
phalanges are extremely short. 
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SoAFDLA AHD CLA.VIGLE. — Both these bones were slightly below 
the normal size — 

Spec. Xormal. 
Clavide—total length, . 37 i-5 

Scapula— height, ... 42 4'4 

„ greatest breadth, . . 23 2-6 

Mierogeoptad appearaneea obterved in the different Bones of ths 
Skeleton. — After hardening in Miiller'a flaid, the bones were decalci- 
fied in "Peteaje" and embedded in panffin. Complete aeetiona 
were then cat with the large microtome, and mounted in apfnoBr 
mate seriea. 

Before entering into details, ve may state at once that we found 
no evidence whatsoever of any disease known to affect the fcettl 
skeleton, e.g., syphilis, rickets. The essential lesion showed itself u 
an absence, arrest, or perversion of the normal process of endo- 
chondral ossification of the most definite and oniTeiaal chaiseter 
in every element of the skeleton in which the procees normally 
takes place during intrauterine life. All the pecnharities which we 
have described in the specimen are referable to the perversion of 
ossification, and to this alone. 

In the examination of the long bones we found that complete 
sections were of great assistance, especially on comparing these with 
similar preparations of the normal nine months' fostus. 

The large cartilaginous ends consisted of normal hyaline cartilage^ 
actively growing, covered by perichondrium, and traversed by same- 
roQS large blood-vessels (see Plate III.). The short curved shafts 
consisted almost exclusively of periosteal bone ; the perioetonm 
itself being actively eng^ed in ossification in the nsnal way ; the 
surface layer beneath the membrane is less compact than is nsosUy 
the case. From the surface layer a r^ular system of trabecule 
stietohes right across Uie entire thickness of the shaft, to meet a 
similar series on the opposite side. Peripherally these trabacolie 
are closely approximated, and are for the most part parallel to eacii 
other. In the centre the spaces between the trabeculte are larger 
and more open, and are filled with marrow ; there is, however, an 
entire absence of anything in the shape of a mednltaiy canal or 
endofiteam. The process of excavation or hollowing oat of the 
central core of the shaft, so evident in normal bones, ia nowhen 
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preeent. The entire thickness is occupied by the periosteal bone, 
as described This condition of afiairs naturatly preseats an 
important obsbtcle to the development and ramification of the 
medullai; blood-vessels ; their extension or projection towards the 
OBsif jing junction at the ends of the diaphjeia would be specially 
interi'eied with. Probably this interference with the vessels has 
played an important part in the causation of the arrest in endo- 
chondral ossification, to be immediately described. 

The marrow itself is rich in small vessels, chiefly capillaries, while 
it is deficient in those of larger size. Further, very few giant ceUs 
are to be seen, and scarcely any Howships' foveolee. The periosteal 
bone is almost continuously invested by osteoblasts. At the ends 
of the shaft the periosteal diaphysis is peripherally extended bo as 
to form a cup, which embraces the cartilagmous extremity and a 
small wedge-shaped mass of endochondral bone. . The apex and 
sides of this endochondral wedge occupy the concavity of the cup, 
while its base corresponds to the junction between it &ai Ha terminal 
cartilage (see Plate IIL). 

Although the endochondral and periosteal bone are thus in imme- 
diate contact, they are readily difieientiated from each other by thdr 
structure and connections. The ossifyii^ junction between the 
endochondral bone and the terminal cartilage is in the form of an 
irregularly curved line, concave towards the diaphysis. The endo- 
chondral bone consists of a very irregular honeycomb, made up of 
branching masses, each of which contains a core of cartilage in the 
centre ; the bone is non-lamellated, and stains veiy intensely with 
carmine or eosine. It appears to have been formed by a direct 
conversion or metaplasia of the cartilage into bone, after the manner 
described by Eassowitz,* as occnrring in the course of normal ossi- 
fication in cartilage, and similar to the process observed under 
pathological conditions in cartilage of new formation. By direct 
conversion of cartilage into bone, we further mean to convey that 
there is an entire absence of proliferative changes, or of any activity 
whatsoever in the cartil^e itself, previous to its ossification ; there 
are no parallel rows of cells, no progressive formation of medullary 
spaces by the projection of medullary blood-vessels into the caiti- 



• I>U ybrmak Ot^Uatitm, Wien, 1 



,. Google 



284 Proceedings of Soyal Soeiety of Sdininirffh. [smb. 

lage. There is an abaence of veeaels at the osnfying jnnction. The 
typical organ-pipe arnngement of BtrnctnreBat the oseifying junction 
ia either not recognisaUe at all, or only here and there, and that 
faintly, la several of the bonee we further noticed that the zone 
of cartilage immediately adjoining the ossifying jnnctioTi was sharply 
defined or cut off from the main masa of cartilage above it by a 
curved line <a layer, in which the cartilage matrix ia partially 
fibrillated, and the cella flattened and crowded together, resembling 
the tiaane aitangement seen in perichondrium. 

The appeaiBQcee deecribed aufficiently account for the remarkable 
external appearancea of the long bouea. 

Previoua observers who have examined specimens similar to that 
under consideration, describe as characteriatic, the occurrence of an 
intniaion from the periosteuni between the diaphysis and epiphysis, 
which interferes with the development of bone from the latter 
(Eberth, Urtel, Bode). We believe tbia appearance to be fallacious ; 
it is merely the result of the disproportion in size between the shaft 
and the terninol cartilage, together with the abrupt cnrvatore of the 
ahaft close to their junction. The apparent intrasion is only seen 
at the concavity of the carve, in sections does to the snrfoce of the 
bone. In makii^ our serial sections of the eotire bone in its long 
axis from the surface inwards, we observed that no snch intrasion 
waa visible when the level was reached at which complete sections 
were obtained. 

The other bones were examined on similar lines ; the seventh rib, 
for example, with its cartilage, presented appearances which might 
be exactly compared to those seen in one-half of a long Ixme; the 
short diaphysis of the rib consisted entirely of periosteal bone^ cnp- 
ahaped at the costal end so aa to embiace the cartilage, — a similar 
arrest of endochondral ossification being obaerred at the osaifyiiig 
junction. 

In the bodies of the vertebrte, the os oalcis and astragalus, there 
was a complete arrest of the ossifying process at the junction of the 
small central nucleus with the surrounding cartilage; the bone 
already formed being for the most part metaplastic, while ttie 
marrow waa deficient in large vessels and in giant cells. It is 
obvious that the arrest of ossification in these bones is not to be 
ascribed to a continuous and excessive formation of periosteal bone 
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without its fflmnltueona remoral ot abBOrption in the interior, 
which WQ described u the prominent feataie in the 'long bones. 
Nor can we ascribe the arrest to deficient Tsacnlarisatiou of the 
general caitilaginons mass in which the aiteeted nncleua is embedded, 
for the number uid aize of the vascular canals in the cartilage is 
quite equal to the normal. We are absolutely unable to account for 
the arreeted growth in the oseeoos nuclei in the vertebral bodies, in 
the OB calcis and astragalus, Ac, and also for the complete absence 
of oasifying centres in these hones in which Uiese are normally 
present at birth {e.g., sternum). 

Eberth and Miiller are of opinion that the arrested development 
of endochondral bona ia the result of an interference arising from an 
enormous overgrowth of the periosteal bone, while Klebs holds the 
view that the origin hea in an imperfect development of the 
medullary vessels supplied to carlilsga We cannot accept tbe former, 
because it will not hold for the arrest obeerred in parts of the 
skeleton, e.g., os calcis, where there is no periosteal growth whatever, 
far leas excessive growth ; while as regards the latter, our examina- 
tion of the bones does not show any imperfection in the vessels 
Bupi^ied to cartilage in bones devoid at an external perioeteal crust 
(o8 calcis). The arteries and nerves of the extremities presented no 
alteration in their mieroscopical stnicture. 

Most of the published descriptions of similar specimens indicate 
that the authors are of opinion that it is a real disease of tbe fcetns, 
instead of regarding the condition, as we do, as a simple arrest of a 
normal procoas. Hence many observers describe it as a ftctal form 
of sporadic cretinism, others as a form of fcetal rickets. From the 
latter it is readily differentiated. 

Its resemblances to rickets are only apparent, thus : — 

1. The open fontanellee do not indicate hydrocephalus as 

has been assumed, hut are simply due to the enlai^^ 
ment of the vertex compensatory to the contraction of 
the base. 

2. The contracted chest, the external foirow at the costi- 

chondial junctions, the apparent rosary, ate not due to 
rachitic changes, but to the shortness of the ribs from 
arrest of ossification j the short ribs joining ths long carti- 
lages at an angle. 
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3. The contracted and flat pelvis is not dne to softoeeB of tha 

bonea, but simpl; and solely to BTrested growtli of the 
innominate boDee. 

4. The large size of the ends of tlie long bones is onl; 

apparent ; their measurements are the same as the ends of 
normal bones. 

5. The cnrvatnreB of the long bones are not the rosnlt of any 

softening but due to arreet of the central cartilagiiions 
growth and progressive periosteal growth from the peri- 
phery inwards. The curves, moreover, are all exsggei* 
tions of the normal cnrvee. 

6. The histological changes at the ossifying junctions of the 

long bones are strikingly different from those seen in 
rickets. 

7. The membrane bones which participate in rachitic procesBes 

are quite normal. 

8. There is not such a thing as a microscopical record of a pro- 

gressing fcetal rickets, hence its occurrence only leste upon 

conjecture. 
The question whether it is, or is not, a fcetal form of cieliniam is 
leas easily disposed of, chiefly because we really know so very little 
about cretinism. In the published description of what is called 
sporadic cretinism, the most striking lesion appears to be a pie- 
mature arrest of endochondral ossification occurring dnring infancy 
or chUdbx)d, like that we have here described as having taken 
place during the early months of intra-uterine life. Further, certain 
abnormalities of the thyroid have been met with in the former ; snd 
in our specimen there are distinctly abnormal changes in the same 
organ, consisting in proliferation and desquamation of the alveolar 
epithelinm, together with an eztraradinaiy fulness and distension 
of the blood-vessels. 

With reference to the causation of the lesion, we do not r^ard 
the assault received by the mother during the sixth month of bar 
pregnancy as of any etiological importance, in virtue of the evident 
fact that the arrest of development occurred at a much earlier period. 
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EXPLANATION OF PLATES. 

Plate I. 
Reprodaction from a photagnph of the fiBtna as Men from behind. 

Platr IL 

Fig. 1. v.m. aectioQ of base of ehnll snd attisceat brain of a normal nine 
month*' ftetoa — natural siz«; £.0., basi-occipttal ; B.S., ban-sphenoid; p.:, 
pre-sphenoid ; j.o., sapra-occipital ; e.g., crista galli ; m. , medulla oblongata ; 
p. pong Tarolli ; cq,, corpora quadrigemina ; e.e., corpus callosom ; 0.!f., 
optiQ nerve; e., mesial lobe of cerebellam; <f., lateral lobe of cerebellam ; 
F.C., falz cerebelli ; T.ff., torcnlar Eerophili. 

Fig. 2. v.m. Bsctiou of correspondiDg region of specimen ; O.T., oa tri- 
biwilare, representing the three nnclei, B.O., B.S., and F.S., seen in fig. 1. 
Other lettering as in fig. 1. 

Plate III. 
Longitadinal eection of right fibnlax6. A.A., cartilaginous extremities 
traversed bj vascular canals ; £. , penosteal hone constitnting the greater part 
of the diaphyeis; C.C.C.C, peripheral prolongation of periosteal bone em- 
bracing cartilaginous eitremit; ; D.D., wedge-shaped masses of endochondral 
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On the Blood of the Invertebrata. Bj Dr A. R (hiffitha, 
F.R8.K, F.C.S., Ac 

(Beftd 1st June 1891.) 

I. TheCfaset of the Blood. — As very little is knowu concerning the 
composition and natnre of the goaes in the blood of the Inverlebrata, 
the followiDg notes may be of some value. 

The author has ascertained the approximate composition of the 
gases in the blood of certain Invertebrate animals. The apparetus 
used fot this purpose was that of Gautier slighllj modified (fig. 1); 
and the method allows the collection of the blood in vacuo (from 
the time of leaving the vein, &c.) without any alteration in its 
composition. The glass receiver ACD (left-hand figure), in which 
the vacuum is made, has a cannla E fastened to its lower end. I%e 
cannla is drawn out into a fine capillary point, wliich is pushed 
into the artery, vein, or under the bypodermia, ae the case may be. 
After introducing the canula into the blood system, the tap B is 
opened and the blood rises into the receiver. The gases are 
evolved almost immediately, and by means of the pump they 
are collected over mercury in the tube ab, where their composition 
is ascertained. 

After the introdnction of the blood into the receiver the tap B is 
turned off; the receiver is then attached to the pump. Before 
opening the tap A, the receiver is placed in a bath of water heated 
to about 40° G. The heat assists in the liberation of the gases from 
the blood. CoagulatJon is prevented by previously introducing a 
small quantity of sodium chloride into the receiver (i.&, before the 
introduction of the blood).* 

The pump and pneumatic trough do not require description, as 
they are of the usual kind. The volume of the mixed gases collected 
in ab having baeu ascertained, the percentage of each gas is 
estimated by the ordinary methods of gss analysis. The carbonic 

* Tbfl liberation of carbonic ftnhydride U aocelerated by pTevionsly intro- 
ducing into the receiver • snudl qiuiutity of a hot solntiou of tartaric acid. 
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anhydride ia absorbed by potash, the ozygea by pyrogallic acid, 
whilst the amount of Ditiogen is represented by what remains. 



(a) Blood of Sepia officiiialii. 

100 volumes of the blood of the cuttle-fish contained the follow- 
ing Tolumas of the three gases — the volumes being reduced to 0° C. 
and 760 mm. : — 





I. 


IL 


III. 


IV. 


V. 


VI. 


Oijgen, . 


13-26 


12-81 


13-li 


I*'e2 


li-21 


ll-M 




80-12 


81-21 


8210 


SO -11 


29-12 


29-89 


Nitrogen, . . 


1-60 


2-00 


1-61 


1-11 


1-78 


1-23 



The nitrc^n is simply dissolved In the blood, but the o^gea 
and carbonic anhydride are partly dissolved, and pertly in a state 
of loose chemical combination with certain constituents of the blood. 
The oxygen with the heemocyanin ; and possibly the greater part 
of the carbonic anhydride is united to certain sails contained in the 
blood. 

(6) Blood of Caneer pa^uruB. 

The blood was obtained from very large individuals, by opening 
the carapace and passing the capillary point of the canola directly 
into the heart. 

100 volumes of the blood yielded the following volnmea of 
o:£ygen, carbonic anhydride, and nitrogen, after being reduced to 
0° C. and 760 mm. :— 



L 


11. 


III. 


IV. 


11-79 


11-88 


11-96 


11-86 


28-62 


27-21 


87-11 


28-89 


1-01 


1-20 


1-22 


1-30 



0>?gGD, . . . 

Carbonic anhydride. 
Nitrogen, 
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(c) Blood of Palinurus vulgaris. 
100 volumes of the blood of this auimal gave the following 





I. 


II. 


III. 


IT. 


Oxygon, 

Carbonic anhydride. 

Nitrogen. 


H-62 

80-00 
1-82 


1*71 
29-62 

1-flO 


14-28 
1-20 


U-76 
21(79 
1-34 



{d) Blood of Htmtania vulgaria. 
100 yolnmea of the blood obtained from eeveial huge lobstera 
yielded the following resulta : — 



I. 



Oxygen, 

Carbouio aohydridi 
Nitrogen, 



U-99 
81*11 



14-81 
28-81 



(e) Blood of Octopus vulgaris. 
100 ToltuneB of the blood yielded the following resulta : — 



Oiygen, 

Carbonic aoliydride, 

Nitrogen, 



13-28 
81-29 



18-66 
81-23 



(/) Blood of AdieroTtHa airopoi. 
100 volnmea of the blood of the larvfe of this moth yielded the 

following reanlta ; — 
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Oxygen, 

Carbonic anliydride, 

Nitrogen, 



16-21 

32 -as 



16-78 
U-24 
1-9S 



It may be stated that the oxygen and carboiuc anhydride in the 
blood of the Inveriebrata do not behave accoiding to the law of 
Dolton (the law of partitd preesures) in i^ard to the ahsorptioa of 
a mixtuie of gases by a rample fluid. A portion of each gas 
combines chemically with some constitnent or constituents of the 
blood. It was Magnus {Poggendorff's AntuUen, voL zl. p. fi83) 
who first demonstrated that the carbonic anhydride and oxygen of 
the Vertebrate blood did not obey the law of Daltou ; and the same 
is tme concerning the gases of the blood of the Inveriebrata. 

II, The Mimrii Matter in the Blood. — The percentages of saline 
matter contained in the blood of Torious Invertebrates Is given in 
the following table : — 





I. 


II. 


in. 


Average. 


fBfiixpomalia. . . . 

.2 A (Buceinum laulatum, . 
■gfi Faldlaxulgata, . . 
%%%, Anodonia eygaea, . 


l-0«6 
1-079 
1-200 
1-122 
1-119 
1-0B9 
1-708 
1-002 
1-798 

3-840 

3-001 


1-073 
1-080 
1-203 
1-100 
1-127 
1-710 
1-721 
0-998 
1-799 

2-862 
8-032 


1-089 
1062 
1-210 
1-115 

1-11* 
1-698 
1719 
1-008 
1-810 

2'8G1 
8-020 


1-088 

1-077 

1-204 
1-112 
1-120 
1-702 
1-71S 
1-002 
1-801 

2'8E1 
3-018 



The author has also submitted to analysis the ashes of the blood 
of several Invertebrate animals. The ashea were obtained by 
incinerating the blood, partially covered, in a platinum dish at a 
very low tempentuie. By so doing the alkaline metals are not 
volatilised as they are when a high temperature is used. The 
following results represent the averages of three analyses in each 
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Omctr 

■pagurut. 


miwuw. 


fiuviatau. 


vulgaris. 


ffomanu 

vulgaria. 


Copper oiide (CuO), . 
iTDiiMide (FdA), ■ 
Lime (CO), . . 
M>gnrai> (MgO), 

8^»(N»,&).' '. '. 

Solpfiuric Mid (SO,), . 


0-22 

3 55 
191 
1-97 

43-80 
4 -SO 
2-90 

87 '66 


0-19 

3-67" 

1-89 
4-78 
i4-91 

4-86 
2 '81 
36-98 


0-20 

3-58 
1-88 
4-82 

44-96 
4-81 
2-75 

87-00 


0-18 

3-7B 
1-90 
4-92 
43-98 

4-87 
2-86 
87-60 


0-18 

trace. 
3-64 
1-89 
4-77 

44-99 
4-84 
2-81 

3S-9S 




100-00 


99-99 


100-00 


100-00 


99-98 





W«-. 


sr 


Pinva 


oS. 


milgaru. 


Copper oxide (CaO), . 

Iroo oii'de (Fe,0,), . 
Llm. (CO , . . 
M.«"~«(Ml!0), . 

iry^ff : ; 

Lithium,* . . . 
Cblorints . 


0-23 

sei 

1-82 
4-90 

44-18 
4-89 
2-80 

trace. 

37-66 


0-22 
tract 

3"-72 

4-80 
43-90 
4-82 

2-76 

87-oa 


trwe. 
0-19 

trace. 
3-70 
1-83 
4-8S 
44-03 
4-79 
2-78 

87-88 


0-24 

2'31 

1-El 
4-92 

46-40 
4-90 
2-81 

87'-'90 


0-21 

2-40 
1-B6 
4-90 
46-81 

4-88 
2-83 

37-92 




09-98 


100-00 


100 -00 


99 '99 


lOO-OO 



There is no doubt, from the above analyses, that copper f playa 
an important part in the blood of the Tnvertebraia; in fact it 
plays a similar rdU to iion in the blood of the liigber Vertebrata,X 

In the majority of the Invtrtehrata the earner of oxygen to the 
tissues is haemocyanin g contained in the blood; but in many of 
the Annelida, as well as in nearly all Vertebrates, the transport 
of oxygen from the snrrounding medium (air or water) to the 
living tissnes is made by means of the hramoglobin of the blood. 

* Detected by the npectroBcope. 

t See Dr Giiffithe' paper in Chanieal N«ua, vol. 48, p. 87 ; alw Journal 
C/umital Society, 1884, p. 94. 

t In Pinna aqvanwaa, the fopper is replaced by msogaDese. 

§ Fredericq in Arehiva dt Zoohgie Ei;pinmtntait, 1878 ; »ee also Ma book 
La LviU pour rExitteaoe, p. 84. 
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This snbatance (as is well known) forma an ozTgenised combiiw- 
tion which is very nnetabla, and which ia carried by the blood 
across the tissues of the animal, and is there dissociated, yielding 
its oxygen to the elements of those tissues which require it 

ProfesBoi Bay Lankester discovered that in some of the Anndtda 
the haemoglobin ia lepUced by a green-colouring mattei— chloto- 
cruorin ; but in the m^ority of these animals hfflinoglobin b preset, 
wbich the author has proved to be similar in composition to that 
present in the higher animalfl. Concerning this point, the aathor 
obtained tlie blood of 500 earthworms {LumMcus lerreetru) which 
WBS troatod with beozene. The mixture (in solution) was allowsd 
to stand for tw^i^-fonr houis at 0° C., when it aeparated into two 
distinct layeta. The one containing the colouring matter was now 
separated from the other ; and about one-eixth its volume of pan 
absolute alcohol was added. After filtration the alcoholic extract 
was exposed to — 12* C, when red cryatala were obtained. Theat 
cryatals yielded the following results on analysis : — 







Blood of 


















Carbon, . 


63-81 


C3-8S 








7 02 


7 10 




7-8! 1 












Sulphur, . . . 


o-*i 


0-87 




0-39 , 










0-13 1 


Oiygw, . . . 








SI -84 



The above analyses prove that the colouring matter of the blood 
of Lumbrietu is comparable chemically to that of a Vertebiate 
animal — like the dog. The spectmm of this colouring matter is 
identical with that of Vertebrate hemoglobin. 

Although hffimoglobin ia present in the blood of certain Inverte- 
brates, the chief constituent in the blood of the majority of these 
animals is luemocyanin — a compound analogous to haemoglobin, but 
containit^ copper instead of iron.* 

* Conoeniing the toajpUatiim of the blood of certaia Invcrtsbntet, tlu 
reader ii referred to the important paper by Dis J. B. Hqrramft and E. W. 
Corlier in the Prve. Boy. Soe. Ediii., vol. xv., p. 128. 
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A New Ship for the Study of the Sea. By His Sereae 
HighneBB the Prince of Monaco. 

(Read Julj 16, 1891.) 

I had vished to render my visit to your country, which haa 
always been in intdk sympathy with natnral science, more int«rastiiig 
l^ the presence of a new scientific instrument — of a ship con- 
stmcted entirely for scientific research ; bat, in spite of the best 
of wills, I hare, after proceeding for several hours on the way to 
Edinburgh, been obliged to return to the Thames, in order to allow 
the bnildere to finish their work, in which they are nnfortonately 
in arrear. 

But it woold have been very painful for me to give up this visit 
which promised me so much satisfaction, and I have come even 
without my ship to apeak to yon abont her and to claim in 
advance your sympathy with its future work. 

It is to do honour to Oceanography, — of that science whose field 
has only just begun to open itself to investigation, — that yoar society, 
one of the highest in the scientific world, has assembled to-day. 
And what is Oceanography 1 This is a question which, at the 
present time, may reasonably be asked by anyone of ordinary 
education, but it is one which will soon appear as strange as wonld 
be "What is Oeogiaphyl* Tet Oceanography constitutes this 
moet important department of Physiography, because it includes 
the study of the immense realm of the waters, with all the secrets 
whidi it can disclose to us of the past of our planet and of the 
conditions of its formation,. while at the same time it can enlighten 
US on many points of its fntnre. In fact this science includes in its 
programme the questions of the formation of the solid layers which, 
slowly deposited at the bottom of the ocean during thousands of 
eentoriss, ore preparing under our eyes future continents; unless our 
earth be now too old to react as of old, when the material accnmu' 
lated in the depths of its seas raised itself into subaerial mountains 
with oU its fossil inhabitants, the faithful guardians of the secret of 
the great problem of the origin of life. 
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To establish the laws of Oceanography it is necessary to know 
the temperature, the motion, the chemical constitation, the density, 
and the zoology of the waters of the ocean at all depths. It ia 
necessary to borrow a little from all the natural sciences. It is thus 
that Peter the Great appears to have first broken ground in the 
science, by having soundings made in the Baltic, the White Sea, 
and the Sea of Azof. Soon afterwards it was your countryman, 
James Cook, who, amongst the first, engaged in oceanogrophical 
research in one of his great voyages on board the " Resolution." 

As is usual in the early stages of all sciences, the means at 
disposal were of the most primitive kind, and until your magnifi- 
cent "Challenger" expedition, the observations collected in the 
course of numerous voyages, indicate much good will, without 
offering any of the precision or continuity of accurate observatiou, 
which are expected of the scientific observations of our time. 

Bat the minds of the men who made these early obaervationa 
gradually acquired a certain sagacity due to the contemplation of 
nature in the open, which it is difficult to acquire within the four 
walls of a laboratory, and without which great discoveries often 
remain barren. 

It is thus that the great Darwin returned from his long voyage 
in the "Beagle " abaoibed in the conceptions from which sprang the 
theories which threw a light on the scientific world as unexpected 
as would the rising of the sun in a new part of the horizon. 

Nowadays the scientific men who forsake their laboratories for 
the open air are many, but the organisation of a scientific oceanic 
expedition is not easy. Sometimes the captain of the ship is not 
enough of a man of science to understand what science demands 
and to devote himself with the necessary zeal to it, he executes 
coldly the orders which he has received; sometimes it is the 
scientific men on hoard who are not sufficiently acquainted with 
the sea and life on board ship to be able to utilise their time to the 
best advantage of their scientific work. Owing to these causes, abo, 
difQculties often arise between the captain and the scientific 
observers. Further, the keeping up of millions of men, the manu- 
facture of hundred ton guns, and the launching of ironclads and 
torpedo vessels, do not leave much room in the budgete of most 
nations for intellectual work or for the labour of men who would 
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wiltiDgly devote tbemselveB to the beat interests of their fellow- 
men. 

It was consequent on such reflections that, some seven or e^ht 
jeara ago, I undertook the mission which lay before me, becaose I 
was at once a sailor and devoted to science. The ooly means at 
my disposal, a Bailing schooner of two hundred tons, was unfortu- 
nately much too restricted for the realisation of the enterpilsee 
which I dreamt of. But what can we not achieve when we are on 
the path of good and our whole heart is in it t 

The "Hirondelle" was supplied in 1886 with several hemp ropes 
of diSereut sizes for sounding and dredging and with a deep-sea 
trawl similar to that of the "Blake," and with a large iron pot 
and various sounding leads. With this material, worked by the 
arms of the crew, I made soundings, temperature obeervatione, and 
dredgings in the Golf of Gascony, down to a depth of five hundred 
metres. But the labour of these operations was considerable, and 
the crew were sometimes kept at the capstan for four houra at a 
time. And as the weather of that year was very bad there were 
series o[ twenty-five dsys during which it was impossible to leave 
off one's oil skins, for the tiawl could be worked even in a heavy 
sea. In the intervals of work the 900 metres of dredge rope of the 
trawl, hardened by the water, and coiled all round the deck of 
the little schooner, rose like an oval wall above the heads of the 
men, who, always in the best of spirits, never murmured at the 
work, and even showed much intelligent cnriosity in the results. 

In the following years my working gear was much improved by 
the nse of steel wire for sounding and dredging purposes, as also by 
the use of a special winch, still, unfortunately, worked only by the 
muscuUr exertions of my crew, and I was able to rectify many 
deficiencies in my methods of work ; aided also by that will of 
success, which is the finneat snpport of workers, I succeeded in 
carrying my researches to a depth of 3000 metres round the Azotes 
and off Kewfonndland. But then, perfected in their training and 
stimulated by a certain pride, my crew worked as long as twenty 
hours at a stretch in dredging in 2600 metres. A pot similar to one 
which I had lost in moderate depths in 18S6, when used with 
handier material, gave me magnificent results in depths of as much 
as 2000 metres, but this was always accompanied by very hard 
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work and continual calls on the ima^nation to surmount nnfoie- 
seen difficulties as they arose. 

During these expeditions, which extended over three yean, I 
made experiments on the direction and velocity of the grest sur&ce 
correnta of the Northern Atlantic, hy means of 1700 specially loaded 
floats, which were thrown overboard in three distinct regions be- 
tween Europe and America. 

The lesulta of these expeditions aie bong gradually published, 
and they show that the work done in the " Eirondelle " will leare k 
definite mark in the history of the science. 

Zoology gains several hundreds of new species and genera spread 
over all its branches, as well as fresh knowledge about the geo- 
graphical and bathymetrical distribution of certain animals; and 
this is due principally to the fact that I have applied systemati- 
cally all the means of research at my disposal to one and the same 
region. 

Oceanography will very shortly be enriched by a chart of the 
surface currents which I am preparing with the data fumiahed bj* 
the 224 floats which have been picked up out of the 1700 thrown 
over during my experiments. We have here a photograph on m 
reduced scale of this work which I am just finishing. 

On this subject I shall confine myself to-day tO pointing out that, 
possessing exact and authentic information on the positions of 
departure and arrival of a great numher of these floats, which have 
come at first directly, and sometimes in numbers at a time, towards 
certain points of the coasts of Europe, I have been able during the 
six years which have passed to follow their successive appearances 
from the north of Sweden to the Canary Islands, then their retom 
towards America, and even from soma already, the repetition of this 
cycle. And thanks to these data which all afford mntnal support, 
I have been able to construct my chart under conditions of exacti- 
tude which make of it an experimental document worthy of complete 
confidence as regards the general direction and the mean velocity of 
the currents of the North Atlantic But if I remind yon of these 
things to-day, it is to direct your attsntion to the (act that many of 
the privileged of fortune might easily contribute to the civilisati<Mi 
'of humanity by elevating its intellectual power, if they would bring 
themselves into touch with the great efforts of science. The vast 
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domun of tbe tea u fall of myeteries which the work of man will 
sorely penetrate, and the collection of obeenrationB whidi enabla 
aavaaU ta advance along thia path wonld be a noble aim in the 
life of many people who weary ^emseWes in the abundance of their 
gooda, and wear themselvee ont in their nselsBBneBa. 

To^y I am able to realise the plans which I have dieamed of 
BO often, when, each year, during montlu of straggle with the aea, 
I conld perceive treosurea for science without the power of eecaring 
tbem. And I should have rejoiced to bring before yon, the 
initiators of the great efforts made in this line, the god-paienta of 
the Challenger, to bring before you my ship, the " Princeeae Alice," 
the work of my waking thoughts and of my devotion to science. 
The Messrs Green of Blackwall, who have boilt her, may be ptood 
of thmr work, and their ekill has powerfully aided me in the 
realisation of my ideas. 

The yacht " Princesse Alice " has a displacement of 660 tons, and 
I have only 6tted her with auxiliary steam power in order to 
reserve as much space as possible for the arrangements necessary 
for engaging in serious scientific work, combined with the wante 
of social family life. Nevertheless, the engine-room is sufficiently 
large to accommodate various apparatus, which are thus under tba 
management of one engineer; they sie — a dynamo, an ammonia 
freezing-machine, and a water-stilL 

The dynamo supplies 100 lamps of I6-candle power for interior 
lighting, three 100-candle power lamps for lighting the deck when 
work is being carried on during the night, and a search light of 
10,000 candles for illuminating the sea when work is being carried 
on in boats, and for picking up buoys. 

The freezii^-machine has several usee. By means of the 
liquefaction of ammonia gas, it produces a very low temperature, 
which is directly communicated to a liquid which does not freen 
at this temperature, a brine which is then conveyed in tubes to 
the refrigerating chamber. This receptacle can contain several 
moulds of different forms and eises to receive the objects which, for 
anatomical, histolo^cal, or zoological purposes, it may be wished to 
freeze, in order to protect them from the damage inseparable from 
the chemical processes at present in use. Once frozen, these objects 
will be placed in a cold chamber, kept at a temperature near that of 
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congeUtion b; tlie refrigeratiiig liquid which circnlateB in a coil of 
pipes close to the roof of tfas chamber. 

The refrigeiatiiig chamber ia placed in the central laboratorj ; the 
cold chamber is immediately below in the hold, where it occnpiM 
a apace of about five cubic metres A branch pipe takes the 
refrigerating liquid to the laboratory tables, to be used in delicate 
biological experiments. On the other hand, the cold chamber is 
large enough to accommodate a part of the ship's provisions. 

The water-still is a " Yaryan " apparatus, very simple and powerfol 
for its size, which furnishes 2J tons of fresh water per twenty-four 
hours for use in the boilera and the laboratories. 

Several steam-engines are to be found at different points in the 
ship ; a winch for working the dredge ropes and lighter lines for 
temperature and other obeerrations is fixed to the deck in front of 
the foremast^ and can lift 6 tons to a height of I metre in a second. 
A BOHnding-macbine, which I have constructed on sew ideas is 
fixed in front of the mizzen-mast ; it acts automatically, and can 
indicate any depth to be found in the sea. 

A large reel with two dntms works in the hold. It carries on 
one side 6000 metres of cable in one length, to which a reserve of 
1000 metres of stronger cable is ready to be joined for very great 
deptba. On the other side there are 5000 metres of cable, divided 
into lengths of 500 metres. 

The first will be used for dredging, the second for sending down 
pots, and generally for operations which require the apparatus nsed 
to remain at the bottom of the sea for a time, while the cable is 
buoyed. Fiually, there is another small double reel, which ia vary 
light, and carries pieces of cable varying from 100 to 500 metres in 
length, which are used for small operations, for which it would be 
useless or inconvenient to use longer pieces. 

To summarise, the actual equipment of the ship allows of sounding 
everywhere, dredging in 6000 metres, and laying out pots or other 
apparatus on the bottom at depths up to 6000 metres without the 
least difficulty. 

The stoke-hold ia arranged In a way suitable to the equipment 
of the ship. It contains two boilers, a small and a large one. The 
first is used to drive the auxiliary machines (winch, dynamo, &c.), 
■nd when applied to the main engines can drive the ship thres 
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knots per bonr ; the second, along with the first, gives a speed of 
nine knots. Thos the ship can be economically steamed slowly while 
work ia being carried on, and she can also be worked ander sail 
when the wind permits. 

The products of the scientific work are distributed amongst three 
laboratories, as follows : — 

The materials as collected aie received in a laboratory situated on 
deck abaft the mainmast, and communicating by a lift with the 
central laboratory immediately below, and the lift descends as far as 
the cold chamber in the hold. After a first picking over, for the 
elimination of useless matter, the loolt^cal material is sent to the 
central laboiatory, and the ocean ographical material to a third labora- 
tory in the after part of the ship, which is devoted to chemistry and 
physics. These laboratories are l^hted by lai^e teviile luflita, and 
the arrangement of the tables allows of four or five persons working 
at each of them without interfering with one another. Like the 
rest of the ship, they are heated by steam on a special system. As 
to the general service of the ship, it is arranged according to what 
modern progress has recognised as most useful and most practical. 

I do not think that one ought to carry too far an analysis or 
other delicate observations during the voyage. The movement and 
the noise, however subdued they may he, are a cause of constant 
disturbance ; on the other hand, one would have to have exceptional 
power over one's mind, to be able to arrest it in the exciting moments 
of a general investigation, whilst other experiments, of an engrossing 
character, were being carried on without interruption, on the largest 
scale and with full power of the ship. 

To follow out under these conditions any profound idea does not 
seem to me to be an easy matt«r, and I think that it ought to be 
one's chief object, during the work at sea, to make the best arrange- 
ments for colleoting a great number of facts at the most favourable 
moments, and for noting all the details whioh strike the eye and 
the mind. It is thus that a ptunter makes a study from nature, 
which afterwards becomes a masterpiece, when the impreesionB he 
has received have matured in the silence of the studio. 

And now I regret that I must terminate this communication to 
the Royal Society very difierently from what was originally my 
intention, viz., without being able to invite you to visit the 
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new ship which T should hare been proud to show to men soch as 
Sir William Thomson, John Murray, Buchanan, Bnchon, and to 
the iutelligeat cultivatora of science who fill this room. I conld 
then have justified the flattering reception which jou are giving me ; 
bat in the hope of repeating at a later date, and nnder perfectly 
satisfactory conditions, this visit to the scientific lepresentatives of 
Edinburgh, who will form the best jadgee of my future work, I 
thank you cordially for your very kind attention. 
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The Meotrio Besistasoe of Cobalt at High Tempera- 
tores. By Profnesor Oai^lU Q. Knott, D.Sc, 7.B.S.K 
(With a Diagram.) 

(SMd Joly 6, 1S91.) 

The maimer in which the electric reeistance of cobalt variea with 
h^h teroperaturee does not seem to have been studied with any 
great care. The pecaliar behaviour of iron and nickel as legarde 
their cbaoge of resistance with temperature is now well known.* 
With a Tiew to discover if cobalt presented any similar peculiari^, 
I set Mr Omoii, one of the physical students in the Imperial Uni- 
versity, Japan, to investigate the question. The chief results are 
embodied in the present short paper. 

The piece -of cobalt used was cut from a sheet of rolled cobalt 
which had been given me by Professor Tait. Dr E. Divers, F.B.S., 
very kindly determined its composition by analysis of a small 
quantity (about 20 grains) supplied to him. The result of the 
analysis is as follows : — 

Carbon found, .... 0'77 per cent 

SUicon, 016 „ 

Iron, 0-73 „ 

with a minute quantity of manganese and perhaps ^ per cent, of a 
metal ondBtermiued. The carbon might be as much as 1 pet cent. 
Dr Divers regarded the cobalt as of remarkalile purity for a f umace 
product 

The experiments now to be described were carried out in January 
and February of 1890. The method was essentially the same as 
tiiat used in my earlier inveatigationa on nickel. Four stout copper 
tods, 60 cm, long, 0'7 square cm. oross^ection, were fixed in a 
vertical position some little distance apart Their lower extremities 
were joined in pairs by two coiled wires, one of which was a 

* Sea my paper "On the Electric Besutance of Niokel at High Tempera- 
tiua," Trant. Soy. Soc Edia., vol. xxxiiL, 1886. 
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specimen of platiaum wire and the otliBT the cobalt strip Uuit 
was the special olgect of investigation. The upper extremities 
of the Tods were joined \>j stout copper strips to a commutator 
connected to a Wheatatone Bridge resistance-box of ordinal; con- 
struction. 

In one series of experiments the lower ends of the rods with Uieir 
connecting wires were dipped in a Teasel of oil which could be 
heated up to a temperature of 240° C. A thermometer, centralljr 
placed BO that its hulb lay at the mean level of the platinum uid 
cobalt coils, was used for measuring the temperature. Tfie oil was 
heated very gradually and was kept briskly stirred until a ttsw 
seconds before a reading was to be taken. One of the wires was 
meanwhile thrown into the Wheatatone Bridge, and the reaistance 
adjusted slightly in advance. The temperature was then allowed 
to rise very slowly until reversal of the commutator in the galvano- 
meter branch gave no deflection. When the equilibrium was thus 
attained the thermometer retidit^ was noted. In tbjs experiment 
chief atteution waa given to the cobalt ; a few measurements of 
resistance were made with the platinum, sufficient to give the most 
important temperature coefiicient. 

The resistance eurves for the cobalt and the platinum are shown 
in the diagram, Nob. 1 and 2. All conectiauB have been carefully 
applied and the resiatancea are in legal ohms. 

By interpolation amongst a number of .contiguous measure- 
ments, the resistances corresponding to the. temperatures 100°, 
140°, 180°, and 220° C. were calculated. They are given in 
Table I., together with the measured resistance at the tempera- 
ture of the ur. 



Table I.- 



-Beaidance of a Cobalt Strip h 
Different Temperaturee. 



Legal Ohms at 







Fint Diff. 


Batio. 1 


r-6c. 

JOO 

180 
220 


0-0»604 
-12340 
■1888* 
■16210 

■lesea 


■013M 

■01516 
■01849 


1-10B7 1 
1^1100 i 
1-1084 i 
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Since the second differences bare appreciably different raluea, it 
ia impoesible to represent tbe law of change by means of a parabolio 
function. Bat the remarkable constancy of the ratios of auccessivs 
pairs of reeistancea Kuggests an exponential function of the tem- 
perature aa the expression for the resistance. 

Thos we may pat, 

from which we find, if f is the temperature in degrees centigrade, 
ft-002605 a--095n 

According to this formula, which strictly applies only to tempera- 
tures above 100°, the resistance at 7°'6 ehonld be '09698, almost 
exactly 1 per cent too high. 

In the paper already referred to, I found that the same form 
of expression held very approximately for tha case of one of the 
nickel wires, the only essential difierence being in the valae 
of Tc, which for nickel was -003. The resistance of cobalt there- 
fore does not change so quickly with t«mpeTature as does the 
resistance of nickel 

In the second series of experiments, the lower ends of the rods, 
with th«r connecting wires, were inserted into a porcelain vessel. 
Aebestoa was wrapped round the wires ; and the whole was heated 
in a charcoal furnace. The obaerrations of resistance were made 
as the system was cooling, the cobalt and platinum being thrown 
ahemately into the Wheatstone Bridge. The instants at which 
the balancings were effected were carefully noted, so that it was 
u easy matter to interpolate between two saccessive measurements 
for die one wire that resistance which corresponded to the inter- 
mediate measnrement for the other wir& In this way, for every 
m«»nred cobalt resistance, the corresponding reaiatauce of platinnm 
was calculated by a simple interpolation. After all corrections 
were applied, every resistance was divided by the resistance of 
the same wire at 7° C. By this treatment the lesnlta of the 
fonr different experiments were reduced to identically the same 
condition, so that direct comparison was possible. 

Each angle experiment contained from 20 to 30 distinct pairs 
of measniemantfl. These numbers were then claasified into groups, 
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and by a rigoroiu process of interpolation, ihs cobalt leastaiieeB 
conespondiiig to asanined values of the platioam lesUtonces wen 
calculated. These are the nambais given in Table IL, which 
epitomiaea the results of the four distiact experiments. Tha fint 
column contains the platinum lesietances, taken as convenient 
moltiplBB of the resistance at 7* C, measored qfler the experiment 
These virtually serve as a temperature scale. The other oolumm 
give in order the corresponding resistances of the cobalt, likewise 
all expressed in terms of the cobalt resistance at 7° C, meosiued 
(^/ier each experiment 

Tabls n. 



Platinum 


Cobalt RoButancea. 


Bxperiment 


Eiperimant 


^11. 


E.^™, 


2-0 
1-8 
1-8 
1-* 
1-2 
ID 


6-8047 
4-5101 
S'1822 

2-2020 
1-6329 
1-0000 


18423 

8-0636 
2-1795 
1-6837 
1-0000 


6-&748 

4-4S11 

3-oes2 

2-1111 

1-5060 
1-0000 


6-0801 
4-4580 
3-2218 
2-2603 

i-'o6do 



If we asaiune that the cfaangoB in the pladnum resistance follow 
the some law as in the eorliei experiment with the oil, the rise 
of temperature, which will joat double the resistance is about 
$80° C. ; and the interval from 1 to 1-2 may be takui as 
corresponding to a rise of temperature of 136° C. According to 
the experiment in oil, this rise of temperature would have indeosed 
the reedstance of the cobalt in the ratio 1*125 to unity. It is 
apparent then, that under the influenca of the first excesaivs 
heating, the cobalt has been considerably altered in ita propertiea, 
so that the average temperature coefficient for reaiatance up to 
150° C. has been increased by a quarter. The only other pos- 
sible explanation of this discrepancy is that the corrections to be 
applied for the resistances of the connections or oontacts may 
have been underestimated in the second series of experiment^ 
or overestimated in the first There could, however, be no doubt 
as to the resistances of the connection^ which wen the same in 
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all ezperimeutB, and vera measmed willi great care. If again 
the reeistaucee of the contacta had changed to any great extent^ 
this woald declare itaeU in the measured resiBtances at 7* C. made 
before end after the first aevere heating. In Table in. these 
measured reaiatances, corrected for connections, are given. They 
were all made at 7° C, except ttie first pair (token immediately 
before the first heating), for which the temperature wae 7°'5 C. 



Table m. 



BeaUtauee in Leg>l Ohmi of 




FUtinuni. 


Cobalt 


■8626 
■8B028 
•8602S 
■S6013 
-S6282 


■09734 
■09IS5 
■09S64 
■09674 
■09978 


Before lat hettinK. 

After l8t ., 

„ 2nd „ 

., 1th „ 



The fall in reaistance after the first heating ie probably due to 
some change in the contact reeistanciia — decrease evidently. But 
even if this were large enough to sensibly affect the eecond aig- 
nificant figure in the calculated value of the temperature coefficient, 
its effect would be to diminish this coefficient. Consequently, 
we must accept the conclusion that the first excessiTe heating has 
profoundly influenced the qualities of cobalt as regards its change 
of resistance with temperature. 

Table III. shows us also that whereas the platinum resistance 
at 7° C. has not been changed at aU by the second heating, and 
only slighUy by the third, the cobalt resistance goes on steadfly 
increasing. Ailer the experiments were completed, the cobalt was 
indeed found to be ranch altered by oxidation. It had become 
exceedingly bhttle, and broke into small pieces when it was beii^ 
detached from the copper roda This steady deterioration in condi- 
tion of the cobalt explains the inferiority in point of regularity of 
the third and especially the fourth experiment, aa compared with 
the first and second. 

It is matter of surprise that, in spitfi of the great alteration in 
stiucture taking place in the cobalt strip, the general bebavionr of 
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the cobal^ aa shown in the Gist three experiments, is eeeentiallf 
the same. Thie la well shown hy taholating the rates of change 
themselves. These quantities were calculated from the oheerva- 
tions hj the same general method of interpolatioa as was tued in 
calculating the numhers of Tahle I. They are given in Table IV., 
of which the first column contains the platinum ledstancee to 
which the tabulated rates of change correspond. 



Tablb IV. 



Pl.tlnuin 

ResUtance (or 
Temperature). 




Eiperiment 


^"T" 


Eiperiment 
III. 


Experiment 

'iv. 


20 
1-8 
1-6 
1-* 
1-3 


7-02 

6-ie 

fi'45 

3-7e 

8-B8 


7-30 

7-24 
6-67 
8'ES 
3,3 


10-33 
674 
6 -S3 
8-86 
2-78 


9-16 
6-09 
610 
3-66 



I have Uionght it sufBcieut to give the condensed numerical 
resnlta as contained in Tables L, II., and IV. The individual ob- 
servations upon which these results are based are entered graphi- 
cally in the diagram. Curves I and 2 have already been mentioned. 
They show the march of resistance with temperature as measured 
on a mercurial centigrade thermometer. In curve 3, the pUtinnm 
reustances are the abecissiB, and the ordinatee are the corresponding 
cobalt resistances. The points belonging to the various experiments 
are distinguished by special mark. 

In ODe particular, cobalt ressmblea iron and nickel in its behaviour. 
There is a rapid increase in the steepness of the curve at higher 
temperatures. In iron and nickel, however, this rapid increase is 
followed at still higher temperatures hy a distinct decrease, ' the 
curves bending so as to present a concavity towards the temperature 
axis. Neither Table IV. nor the curves give any hint of such a 
tendency in cobalt It will he seen that Experiments I. and IL 
are in fur agreement throughout; and that all four experiments 
point to the existence of a critical temperature at which the ra- 
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siEtance bejfina to increase rapidly with rise of temperatare. This 
critical tompeiature in about the ataga 1*5, which corrsspouds ap- 
pioxiiuatelj to 350° C The phenomeaon may be broadly stated 
in thaae tenna. Between tompeiatates 400° C. aad 700° C. the 
resiatance of a cobalt strip increaeea ou the average at a late 
nearly twice as great as the Bverage rate of increase between 0* 
and 300° a 
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The Thermoeleotrio Poedttons of Cobalt and Bismath. 
B; ProfeasoT Cargill Q. Knott, D.Sa, F.R.S.E. 

(Read July B, 1891.) 

So far as I know, the only satiefactory detflnnination of the 
position of the cobalt lino on the thermoelectric diagram wea made 
hj ProfesBor Tait's students in the Physical Laboratory of Edinburgh 
University some fifteen years ago. The position of the cobalt line, 
so found, was given along with the positions of certain alloys in a 
paper by Professor J. Gordon MacGregor and myself, pablished in 
the Tranmelicms of the Royal Society of EdiithiTgh, vol. zxviil 
(1876). The particular specimen of cobalt nsed in these early 
experiments was a short rod obtained by electrolytic decomposition. 
The noteworthy facta regarding its thermoelectric tine were that it 
lay below nickel on the diagram, and that its inclination to the lead 
line was much greater than the inclinations of the iron and nickel 
lines. 

As a laboratory exercise, I gave to Mr Sawada, one of our students 
of physics, the task of studying the thermoelectric properties of the 
cobalt described in the preceding paper on electric resistance. The 
plan adopted was to form a multiple arc of palladium and bismuth, 
and, by proper adjustment of the resistances in these branches, to 
obtain an intermediate line which should cut through the cobalt line 
at tempeiatures within easy reach. 

Such an intermediate line posses through the neutral point of the 
component metals. It divides the region between their lines bo thai 
any transversal is cut into portions which are directly as the resist- 
ances in the branches of the multiple arc. Thus, by varying the 
ratio of the resistances In these branches, we may sweep through 
the region between the two corresponding diagram lines, interpolat> 
ing, so to speak, any intermediate line suitable for our purpose. 
The extreme accuracy with which we can measure electric resistance 
enables us to fix the position of this intermediate line as accurately 
as the positions of the component lines an known. 

In the present case, the low position of cobalt on the diagram 
very much circumscribed the choice of metals for the multiple arc. 
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Bbmuth bad to be one of tbem, as it alone waa known to lie below 
cobalt The otber metal fixed upon was palladium, a substance 
convenient in evei? way. Its diagram line is straight up to high 
temperatures; and its chttraoter does not perceptibly change even 
after severe heatings. Unfortunately, however, the use of bismuth 
limited the investigation to moderate temperatures only. 

The biamuth was broken up into small pieces, which were packed 
tightly into the bore of a aiphon-shsped glass tube. Gentle heating 
in & Bnnsen flame sufBced to melt the metal, which ran together and 
solidified on cooling into a fairly uniform rod. The junction wires 
were fused into the ends of the bismuth rod. 

As finally set up, the apparatus consisted of a triple cobalt 
palladium bismuth junction dipping in oil This formed the " hot 
junction." Resistance boxes were included in the palladium and 
bismuth branches. Because of the magnitude of the thermoelecttic 
forces between these tbcee metals and copper, great precaution was 
necessary in keeping the various cold Junctions at the same tem- 
perature. The palladium branch always contained 100 ohms resist- 
ance ; and the bbmnth branch never contained less than 200. For 
each of the seven selected ratios of resistance, a careful series of 
thermoelectric observations was made. A delicate high-resistance 
galvanometM was used ; and the temperatures iirere measured by a 
mercurial thermometer. The electromotive forces between the 
cobalt and each intermediate " equivalent metal " were in this w^y 
measured directly. From these the thermoelectric powers at chosen 
temperatures could be calculated. But one of these equivalent metak 
was palladium itself, obtained by making the resistance of the 
bismuth branch infinite. Thus, by a simple process of subtraction, 
we obtained the thermoelectric powers between palladium and all 
the otbetB. These quantities, calculated for 0° and 100° C, are 
given in the following table. The symbols Bi, Co, Pd stand for the 
metals bismuth, cobalt, and palladium respectively. The various 
equivalent metals are represented by the symbol Pd Bia, where the 
number n represents the ratio of the resistances in the biamuth and 
palladium branches. Thus Pd Bi, means that, since the palladium 
branch always contained 100 ohms, the bismuth branch contained 
in this case 300 ohms. The electromotive forces, from which these 
values were calculated, were tneasored in microvolts. 
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TliermoeUclric Powers ref&red to Palladium. 









Metal. 


Power at 


Neutral Point ' 








o'a 


loorc 


1 






17-31 


, 




E-SS 


6-46 


- 10°-4 C. , 


PdBifc 


B'SS 


S-«« 


+ 24'-5 


PdBi^ 


1446 


14-68 


74'-l 1 


Pd Bi„ . . . . 


174* 


17 4* 


101''-4 1 


PdBi, 


2178 


2213 


148*-fl 1 


PdBi, 


29-10 


29-66 


224*1) 1 


Bi, ^ 


88-0 


83-8 





The unmben in the last row have been calculated from the 
nnmbars in all the six Fd Bi rows. Foe if p ia the thermoelectric 
power between Pd and Bi, and p^ the same between Fd and Pd BI^ 
we know that 

f -P- 2. 

i*. 1 

or 

y -(»+!)?.• 

Thus, from the eix seta of values corresponding to p, ws obtain 
the following values for p at 0° C. and 100° C. : — 



n + 1. 


jj at 0* C. 


J? at 100* C. 


14 


88-7 


90-4 


S 


84-4 


89-e 


e 


86-7 


88-1 


5 


87-2 


87-2 


4 


88-9 


88-5 


8 


87-8 


88-7 


Meani, . , 


86-0 0-8 


88-8 0-7 



This table is obviously an indication of the accuracy of the 
eiperiment. 

. And now, referrii^ everything to the lead-line, and expressing 
the thermoelectric power in the form 
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ve obtain for the cosfficiento A and B the foUowing Talaes : — 





A 


RIO». 


Le.d. . . . . 

Cobalt, 

Bismuth, . . . 




- e-iB 

-1813 
-92 2 




- 8-5B 
-18-9 

- 6-4 



According to the niuuben deduced hy Fleeming Jenkin from 
Matthieaen's eitperimentB, biamuth lies four timea further from 
lead than does cobslL Here we have it eeveu timea. Professor 
Tail's electrolytically-depoeited cobalt lies four and a half timea 
further from lead than does palladium. Here we have it a little 
over two time& According to Becquerel's numben, given at the 
end of the English translation of Mascart and Joubert's Eledricity 
and Magnetism, the t%tio at 50° C. of the thermoelectric powers of 
palladium and bismnth relatively to lead is as 7 to 40. Here we 
have it 1 to 16. 

These discrepancies are not Burprising. We know* how variable 
are the tbermoelectric properties of stable alloys intended to have 
the same composition, and how a very slight change in composition 
may be accompanied by a very large change in thermoelectric 
quality. The present experiments must therefore be judged of 
alU^ether on their own merits. N^ow, a simple comparison shows 
that Professor Tait's electrolytically deposited cobalt will fit in to 
the region between lead and bismuth very much, as Halthiesen's 
cobalt His in to his own series. Thus the cobalt investigated here 
seems to differ from the other specimens in much the same way. 
The new cobalt, indeed, has ite diagram line at ordinary atmos- 
pheric temperatures above the line of Tait's nickel, for which 
A= —21*8. This unexpected result was at once tested. A rough 
experiment was made with a nickel cobalt couple, and a neutral 
point was obtained at a moderately low temperature. The cobalt 
line, therefore, begins above the nickel line, but because of ite 
greater downward inclination gete below it at tempeistures above 
lOO" C. 

* See the psptr fay HacOregor and m^lf, alraady refBrredto; alio my paper 
on " Th« Electrical Propertiea of HrdrogmUad FalladiuDi'' (Tram. Ib>y. Sac 
Bdin., vol. iiiiii., ISSfl}. 
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Ab regards the inclination of the cobalt line, the present remit 
agrees as well with the earlier result as coold reasonably be ex- 
pected with two quite different specimens of the metal. Thiiii, 
expressed in the same units, the thermoelectric power of Tail's 
electrolyticallf -deposited cobalt Is 

7)= -26-3-0116(, 

while for the present specimen 

f= -13-2-0139f. 

With the eiception of the sharp upward band in nickel, this 
gives the greatest inclination yet obtained for a thermoelectric 
line. 

The downward trend and comparatiTely large inclination of the 
bismuth line are also worthy of note. Because of the position of 
the line, as a whole, lying far below the lines of all other metals, 
this large inclination does not greatly influence the electromotive 
forces, so that with bismuth couples the electromotive force is very 
approximately proportional to the temperature. This fact, of 
course, prevents us from making a very accurate determination of 
the coefficient B, which in the present experiment has a large pro- 
bable error. The mean value is a little larger than that indicated 
by fiattelli'a direct measurements of the Thomson effect in bis- 
muth.* 

Righi has shown f that the electric resistance of bismuth is 
altered in a strong magnetic field. To find if any thermoelectric 
change accompanied magnetisation of bismuth, a bismuth palladium 
couple was set up between the poles of a powerful electromagnet. 
No effect whatever was observed, although the arrangement (slightly 
moditied) was sensitive enough to show with great ease the thermo- 
magnetic effect discovered by v. Ettiogshausen and Nemst.; 

• S«e Wild. Stibl, vol. xi., 1887. 
t See WM. Ann. 
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On the Effect of Longitudinal Magnetisation on the 
Interior Volume of Iron and Hiokel Tabes. Bf 
Ppofeesor Cargill Q, Knott, D.Sc, F.E.S.E. 

(Ke»dJuly20, 1881.) 

The following lesulta in msgneUc atrains are, so far as I am 
aware, aew. They eupplement in an iatereeting way Joule's old 
leeutt of no change of volume in an iron rod when it is magnetised. 
What is given here ia only preliminary, and auggeato many linee of 
leaearch which I hope to be able to follow oat later. 

The broad fact established is, that the internal capacity of certain 
iron and nickel tubes altera appreciably when the tubes are 
magnetised longitudinally. The tubea were 34*8 cm. long, and 
were all about 3 cm. external diameter. One iron tube had an 
internal diameter of 1 cm., and another of 2 cm. These I shall call 
A^ and A, respectively. A^ represents the third iron tube, whose 
wall was about 1 mm. thick. The nickel tube (B) bad its wall 0'3 
mm. thick. When experimented with, each tube was tightly corked 
at both ends, and through the one cork a fine capillary glass tube 
projected. The tube was filled with alcohol coloured with cochineal. 
The changes of volnme were measured by the movement of the 
end of the liquid column in the capillary tnbe. This was viewed 
through a microscope. A movement in the tube through a distance 
equal to one division of the microseope micrometer meant a change 
(A volume of 7'3 x 10~* cuk cm. 

As an example, take the case of Aj, the small borad iron tube, in 
a field of 250. The sudden outward movement of the liquid 
meniacns showed a total compression (change per unit volume) of 
21 X 10'' in the region inside die tube. But we know that in this 
Geld ordinary wrought iron lengthens j and in virtue of this lengthen- 
ing the internal volume will be increased. It is clear, then, that 
the transverse contraction of the walla of the tube has overbalanced 
the longitudinal extension. If A^ represent the elongations parallel 
to and perpendicular to the axis of the tube along the inner surface 
of the bore^ the dilatatioti v/iU bek + 2/k. Now, in field 250 Bidwell 
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finds \= +5 X 10'^; hence at once ^= -13x10''. I give a few 
results for the different tabes in Tarions fields. 



In Field 50. 


Tuba. 


x + 2/i 


Bidwetl. - 


oalculated. 


1: 


-1-84x10-7 
-1'2 „ 


+ 10x10-' 


-B-BxlO-T 
-6-1x10-' 
-68XI0-- 


In Field 125. 


Tube. 


A + 2>. 


>• 


f 


A. 

1: 


-8-6VI0-' 

-8-* „ 
-3 


+ 18x10-' 


-12-SxlO-' 
-13-2x10-' 
- 10-6 X 10-' 


In Field 250. 


Tube. 


\ + 2^ 


A 






-21 xlO-' 

- 7 V10-' 

- 2-6 „ I 


+ 5x10-1 


-13 X10-' 

- a xio-' 

- 7-6x10-' 



Unfortunately I pOBBeased no nickel tubes shaped like the iron 
ones, BO had to content myself in the moantime with a thin walled 
tube formed by rolling up a eboet of ordinary commercial nickel to 
the convenient size. The results for this tube were of great interest. 
Up to a field of 60, the compression of the inside space varied 
uniformly with the field, the dilatation being given by the formula 

X + 2^--l-8xlO-»H, 
where H is the longitudinal field. Now Btdwell's results give up to 
the same field the following expression for \ : — 
X= -18 xlO-»H. 



Hence 



^=-+8.1xlO-'H. 
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For fields lughet than 60 the [oUowing remarkable results were 



Field. 


..., 


A 


/■ 






-lOOxlO-T 


■(- 45-7x10-' 


100 


-8-0 „ 


-140 „ 


+ 86 


13S 





-188 „ 


+ 81-6 „ 


240 


+ *-0 „ 


-ISO „ 


+ 97 „ 


260 


+ 9-0 „ 1 


- 202 ., 


+ 105-6 „ 



Thus, for the iron tubes, the tranevene coatraction always exceeds 
the loDgitndinal extension, so that there is on the whole a diminution 
of the internal space. There is evidence of the contraction attaining 
a manmnm, which, in the case of the thinner walled tubes (Aj and 
Ag), occurs in a field not far removed from the field which produces 
the maximum extension. 

For tlie nickel tube, the tmnsverse expansion differB so slightly 
from the longitudinal contraction, that the change of volume of the 
internal space, tboogh of the same order of quantity as the correspond- 
ing change in the iron tubes, is a very small fraction indeed of the 
change that would result from the longitudinal contraction acting 
alone. In low fields, the longitudinal contraction overbalances the 
transverse expansion, causing a compression. This compression 
reaches a maximum about field 60, and then falls off first slonly, 
then more rapidly. About 140 it becomes zero, and changes 
sign in higher fields. In field 260 a very distinct dilatation is 
produced about equal to the maximum comproseiou obtained in 
field 60. The rapid changes of temperature of the liquid in the 
heart of the magnetising coil, when the high currents were used, 
made accurate measurements of the changes of volume impossible-; 
but there was no doubt ss to the fact of the change of sign in the 
compression when the field was taken high enough. 

It should be mentioned that, in an experiment with a glass tnbe 
Bubetitnted for the iron or nickel tube, no effect was produced ; so 
that the alcohol iteelf was uninfluenced by the magnetising force. 
An experiment was also tried with a current of seven amperes passed 
along the iron tubee, so as to cause a circular magnetisation of the 
outer circumference. 'So change of volume was observed, however, 
probably because of the comparative smallness of the fields involved. 
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On Bome Belations between Ma^netiein and Twist. Parts 
II., III. By CargiU Q. Knott, D.Sc Edin., F.R.S.E., 
ProfestOT of Fhytica, Imperial Univereity, Tokyo, Japan. 

(Bead Jam lBl,lEei.} 

{Abstract.) 

Part IL containB a continaation of former experimentB on the 
twists produced in tlie m^netic metals whrai the; ue under the 
combined inflaence of circulai and longitudinal magnetisations. 

It is established that a cobalt rod of rectangular section twista 
lefb-handedlf when a current is passed along it in the direction of 
msgnetisatian. That is, cobalt behaves like nickeL Iron, on the 
other hand, twists right-handedly, until very high fields ar« 
employed. These results seem to have a close connection with the 
magnetic citanges of length in these metola; for iron expands in 
moderate fields, while nickel and cobalt contract, the fotmei always, 
and the latter till high fields are reached. 

In the case of nickel an evident maximum twist is obtained for 
intermediate values of field. The occurrence of this maximum 
finds a ready explanation in terms of the theory suggested. 

In all cases the amount of twist produced by reversing one of the 
magneti«ng forces depends on which one is reversed. Qenerallf 
the twist is greater when the longitudinal field is tevemed than 
when the curent along the wire is reversed. For low fields in the 
case of iron and nickel it is, however, the current reversal that pro~ 
duces the greatest twist. Them various phenomena give very 
instructive illustiations of the magnetic after-eSect or hysteiesis. 

In Part I. an expression was given for the twist in terms of tlte 
elongations in a thin walled tube of given radius, under the com- 
bined influence of given circular and longitudinal magnetisations. 
From the observed maximum twists in iron and nickel wired now 
given, a comparison is made between the elongation ooeSlcienta 
which enter into the formula for the tubes of equal diameter. Tin 
comparison is in remarkable accordance with the direct compaiison 
of elongations as furnished by Mr Bidwell's measnrementa. 

Part III. contains a discussion of the magnetic consequences of 
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twisting a magDetieed wire, more especially a viro magnetised 
circularly by a cnrrent passing along it. The peculiar manner in 
vhich the m^netic change eometimes l^ behind the stress, sorae- 
timea shoots ahead of it, is fully investigated. This magnetic 
" lagging" or "priming" ia foand to depend upon the strength, of 
the current, upon the amount of twist, and upon the amount and 
degree of tapping to which the wire is eubjected. 

The longitudinal polarity acquired by a current-hearing wire when 
it is twisted is relatively very high as compared with the probable 
intensity induced at the circumference of the wire. Further, the 
longitudinal intensity so acquired is Tevereed, more or lees com- 
pletely, when the current is reversed. These facts are not easily 
esplaioed in terms of the usual theory of magnetic wolotropy, or 
in terms of any simple hypothesis of rotatable molecules. They 
rather hint at the existence of complex molecular groupings, which 
assume new configurations under the influence of a changing stress 
or a changing magnetic force. 

Certain experiments on the effect of slightly twisting a wire, 
which by superposed magnetisms has been reduced to an apparently 
demagnetised condition, show how easy it is to destroy the apparent 
magnetic balance. There is a strong suggestion that a magnetised 
wire may, under certain circumstances, consist of alternating layers 
of opposite polarities. Any mechanical stress which acts differently 
on these different layers will almost, as a matter of course, power- 
fully affect the average resultant action which is measured on the 



From the experiments recorded in the paper, and from the experi- 
ments of other investigators into the complex relations of magnetism 
and twist, the general conclusion may be drawn that the first effect 
of a shearing stress upon the molecular groupings is not only to 
increase the average intensity in the direction of the magnetising 
force, but also to bring Into prominence a relatively high intensity 
in directiona at right angles thereto. 
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On the Gravimetiio Oompoaition of Water. A Prdiminary 
Communicaiian. By W. Dittmor. 

(Bead Febniuy 8, ISM.) 

On the strength of Damas' famous Reekercke aur la CompoeUion 
de VEau,* and adopting the great maater's own interpretation of his 
results, all chemiata, until lately, agreed in assigning to the atomic 
weight of oxygen the value = 16 (H=l); and it is on the 
strength chiefly of the same experiments that many of us now hold 
that = 19'96 iaa closer approximation to the truth I 

In these drcumstances it surely is worth while to look into 
Dumas' work with the help of critical experiments, and try to see 
whether he was not right in thinking that — all his great efibrts 
notwithstanding — the difference lies within the influence of his 
me^orj-errors j the more bo, as all these errors (as far as one can see 
without experimenting) tend to raise the experimentally ascertained 
value of the ratio H : above its true value. 

I accordingly, some time ago, caused my private assistant, Mr 
Henderson, to join me in this inquiry, and, thanks to his youthful 
energy and indefatigability, we have already made considerable pro- 
gress in OUT work, and hope before long to lay a complete account 
of it before the Society. Meanwhile, I content myself with stating 
that we have succeeded in so modifying Dumas' modus operandi as 
to give a higher degree of constancy to the weighings, and to reduce 
the trouble and loss of time involved to far less than it was with 
the original form of the method. 

The principal object of the present notice, however, is to direct 
attention to an oversight which Dumas made himself guilty of, and 
which, as far as I am aware, has never been noticed before. What 
I allude to is that Dumas, while weighing his oxygen (virtually) tn 
vacuo, weighs his water in aii, and fotgets to reduce this latter weight 
.to the vacuttm. 

That the correction tells very considerably upon the calculated 

weight of the hydrogen a very little reflection is sufficient to show ; 

• Ann, Ghim, i%y», (3), vol. viii p. 188. 
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I prefer to ^ve at once the results of my recalculation of Dumas' 
ezperimentB, and apply the cmrecdon to the most " probable value" 
as calculated hj me. 

In hie tabnlar statement of reenlta Dumas givee^ in the case of 
each of his nineteen experiments, two values for what he calls the 
" equivalent of hydrogen" (the term with him meaning the weight 
of hydrogen which combines with 10,000 parts of oxygen into 
water) — viz., fii-etly, the value as calculated from the uncorrected 
weights of water and oxygen ; and, secondly, the "equivalent* at 
ooTTeetedfor the air in the sulphurie acid " (used foi the evolution 
of the hydrogen from zinc). For reasons, which will be stated 
in the memoir, I have left these corrected values on one side, and 
recalculated and reduced only the " equioalenis bruta." 

Taking S as a symbol for the weight of oxygen consumed in a 
given experiment, and W for the uncorrected weight of water pro- 
duced, I formed the equations 



and solved the nineteen equations in respect to k — firstly, in the way 
which reduces the algebraic sum of all the errors 8 to nil ; and, 
secondly, so as to reduce the sum of the aquara of the errois 8 to 
its minimum. The first method gave i— 1*125 43; the second 
gavei=1125 47. 

The two values, as we see, are practically identicaL Adopting 
the second, it may be read as stating that 1000 grammes of oxygen 
take up hydrogen to form a quantity of water whose apparent 
weight in air is 112547 grammes. But, assuming the air to have 
the density corresponding to 15° and 760 mm. (which probably is not 
far removed from the air-density which actually prevailed during 
Dumas' work), the air displaced by the water amounts to 1'38 
grammes; hence we have, in reference to any given quantum of 
water, the following relative values for the weights of 

* Ai already pointed out by Lothar Heyer and Seubert, Dumas' table of 
retalta includes quite a number of mispriuta. These, hoffever, sra all easily 
duooTered, >ud set tight without nnch fear of error. 
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Oxygen, 



Hjdrogoo. 




Water. 


0126 85 




1126 85 


10U8 = 


"H" 





15 767 = "0" 2='H/ 

The reavlts of our own work enable me to say that the true value 
of "H" (0 — 16) is probably not quite so high as 1*0148, but it is 
higher than the 10024 dumanded by the customary " O— 15'96." 

I venture to hope that the publication of this notice will cause 
those chemists who hitherto {after having become convinced that 
0;H ie less than 16) have peraisted in referring their atomic 
weights to H= 1, will give up this absurd practice, aud, like other 
people, adopt = 16 as their standard. The sixteenth part of the 
atomic weight of oiygen, surely, is as good a unit as one could 
desire to have. 
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Inveetigatioii of the Aotion of Niool'a Polarising 
Bye-Piece. By R Sang, Esq. (With a Plate.) 

(Bead Fabnw? SO, 1887.) 

The first aiiDounceinent of the constractioa of this important 
instrument appeared almost paradoxical : a piece of calcareous spar 
was to be cut id two, the surfaces of the aectioa polished, and then 
reunited b; help of Canada Balsam: and it seemed strange that 
from such an operation there should have resulted any change in 
the optical properties of tbe mass. Even now that the instrument 
has been in use for some time, the true nature of its performance 
is often misuuderstood ; while no iavestigatiou has been made public, 
the object of which is to enquire into the laws of the action, and into 
the circumstances which determine the peculiar forms of the parts. 

This inrestigation necessarily involves operations belonging to the 
higher branches of algebra and geometry; but this is not to be 
wondered at^ when physical science has reached such a degree of 
development as to exhibit many of the laws of its phenomena. 

Before proceeding with the strict investigation, it may be con- 
venient to take a general review of the modifications which light 
undergoes in its tmnBit through the instrument ; as by that proceed- 
ing we ahall be better prepared for seiziog tbe full import of the 
analytic results. Let, then, ABCD represent the prime section of 




Fig. 1. 

tbe ^«~iHece, BD the thin film of balsam inserted between the 
halves, and EF a ray of light incident on the snrfitce AD : that 
ray wil! be refracted in two pencils, FH that sabmitted to the 
ordinaiy, FA that to the extraordinary, law. Were the rhomb 
entite these nys won1d again snflei refraction at the surface BC, 
and would eme^e in directions HI, hi poxallel to the incident ray : 
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the Bsmo thing would happen were the anrfoces fiD in opticfti 
contact, that ie, were thej united bj a aubstance having its index 
of refraction greater than or equal to the greater of the two indices 
for calcareous spai. But the index tor Canada Balsam is less than 
that for carbonate of lime, and on this account the laje may not 
proceed uninfluenced. 

If, indeed, the ray FG fall very obliquely on the surface of the 
varnish it may be totally reflected, no portion of it passing into the 
second wedge DBC. So it may also happen with the ray F^ ; bnt 
as the two laya fall with different obliquities on the varnish, their 
limits of total reflection are difi'erent, and between theee, the extiar 
ordinary light atone will find a passage. 

The ray EjF falls at such an angle that the ordinary pencil would 
barely Buffer total reflection, while the extraordinary pencil woold 
not. Any ray incident between the directions AF and £^F woold 
transmit both its pencils through the whole instrument. The cay 
£,F, on the other hand, is ao placed that both of its pencils soffer 
total reflection ; and, hence, all rays within the angle ^iFE, will 
tiansmit to the eye only that portion which has experienced the 
extraordinary refraction, while no ray incident in the angle E,FD 
will send any light through. 

Such is the true action of the polarising eye-piece ; it does not 
depend, as has been thought, on the separation of the images, for 
in truth there is never more than one image formed, and the virtual 
place of that image is not affected by the film of balsam. The 
perfection of its action depends on the magnitude of the angle E,FKy 
which magnitude regulates the extent of the field of view ; aod on 
the transmitted light passing without being at all deflected in 
its path. For the attainment of the latter object, the surfaces AD, 
BC must be so placed that a lay of extraordinary light, passing in 
the interior parallel to the sides AB, may not suSer refraction in 
escaping at either surface. By this arrangement the light proceeds 
from the object to the eye, bo that the first and last portions of its 
path are not only parallel to each other, but actually in one straight 
Una If this adjustment be not effected, there is created a paralhuc 
wmilar to that occasioned by the transmission of light obliquely 
through a thick plate of glass : that parallax affecting the apparent 
positions of near, but not those of distant) objects. 
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The remove] of this parallax is not altogether a matter of 
necessity, it b one rather of cooTenieQce, for by taming on the 
ends of the containing box circlea parallel to each other, hut od 
different axes, the iacoavenience of the parallax would be entirely 
removed — the adjostment, however, of these axes would be 



The tendency of Iceland Spar to split in planes parallel to the 
faces of the primitive form renders almost unavoidable the employ- 
ment of rhombs whose lengths are parallel to the arStes of that 
form, economy in the amount of material being nearly as important 
as a maximum extent of field. 

Regarding, then, the positions of the Unes AB as determined by 
the cleavage, and those of AD by the condition of rectilineal trans- 
mission, there remains only to he determined the inclination of the 
plate DB of balsam. This inclination may be determined by 
attending to one or other of two conditions. Either we may so 
place this plate as to give the greatest angnlar field of view ; or we 
may bo fix it that the verges of that field are equally inclined to 
the direction AB : practically the latter consideration is the more 
important. It will, then, he proper, before attempting the enquiry 
into the beet possible form of the instrument, having regard neither 
to the economy of the material nor to the introduction of parallax, 
first to determine the form which it ought to have when inflnenced 
by these restrictions. 

The fiist thing to be determined is the angle ADC, which the 
diagonal AD of the end of the rhomb makes with the arete of the 
primitive form. Adopting the results of the elaborate investiga- 
tiona of M. Mains, let (fig. 2) the whole crystal be imagined to 
occupy the point O. Suppose that KOL is the direction of the 
axis of crystallisation, and ON that of the arSte of the primitive 
form, and also of that portion of the ray which is interior to the 
crystal. Describe from O, as a centre, a sphere with the radius OM 
•■unit, to represent the progress of a luminous pulse in air, and 
the interior ellipsolde with its eemi-axes -601 and -673 to represent 
the luminous pulse in the interior of calcareous spar. 

In order to place the refracting surface OP in such a position 
that the pencil of extraordinary light may not be bent, we most 
apply tangent planes at the points M and N, and continue these 
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planes until they meet in the line F ; the plane paseiug throngh 
thia line F and the point ie parallel to the required refneting 
surface. For the determinatian then of the angle P03^ which is 
supplementary to ADC of fig. 1, we only leqaire the operation of 
oidinaiy trigonometry. Taking the inclination of the fsceB of 
calcareous spar at 105°.. 05', ae determined hy the obserrations o( 
Wollaston and Mains, we find the angle LOM, which the aiii 
malies with the arSte, to he 63° . . 44' . . 46", and not as Malus bu 
it, 66° . . 44' . . 46". 

Log cot 52' . . 32' . . 30" - 9-884 3264 
Log V3 - -238 5606 

Logcoe63°..44'..45"5 = 9-645 7658 

This error of three degrees committed by U. Mains seems to biTc 
run throughout his work, and thus throws considerable nuceitiunty 
on his determination of the refractiTe indices. 

Denoting this angle LOM by X, and the semi-axes '604, -673 by 
a, /3, the equation of the plane MP is 

xx^-^yy^ — l , 
or 

a;cos\ + yBin\=l (MP); 

while that of the plane NF is 






-1. 



ojSsinX 



V(a»BinXU/S=eoBXi)' *"• V(o'sinX*+^coBX')' ' 

■sX^ysinX) off , 

/ V{'i*ainXUjff'cosA=)"^ ' 
that is, 

gcosX ysinX^ ^(a' wn A' + ffl cos X') ,^^ 

a* ^ op 



(^^ 



Hence, as the line P is common to both of these planes, we obtain 
by elimination 

■ . „)3-<t J{a«8inX» + /3»coaX!') 

ar,COs\-(. Si^ai " 

,.,,7,.i-,.GoogIc 
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from vhich equations we deduce the value of the tangent of the 
angle LOP, 

tan l.OJ' = - ^ cot A ^^-^{„i gin x= + ,8^ cos A^} ' 
from which we obtain the numerical value 

BQpp. LOP = 4r..U'..13i"{Bay 14"); 
whence, by adding the angle LOM, we obtain 

MOQ-104°..68'..59J" Say 
ADC (fig. 1) = 104 ..59. 

Now, the inclination of the arSte to the face of the primitive 
riiomb ia 109° . . 08', so that, in foimiDg an eye-piece, tbo ends most 
be inclined 4° . . 09' leas than the natural face is. 

This lesnlt is opposed to the instructions given by Mr Nicol in 
his first description of the instrument : he directs that the obliquity 
be increaaed, whereas we have found that it mnst be diminished 
4*; and, indeed, on inspection of those eye-pieces which have been 
made agreeably to tus instructions, it will be found that the ray of 
light proceeding in the interior of the crystal parallel to the ar€te 
Boffers refraction at each surface, and that the lay which does not 
suffer refraction paases in a direction intermediate between the line 
of tiie uSte and the diagonal joining the two obtuse comers. 

Having now determined this element of the artificial rhomb, 
there remains for me the solution of another quegtion. It is this : 
To place the plate of balsam so that the extent of field may be 
placed equally ou each aide of the line of eight. For this, a new 
element enters into the investigation ; the refractive power of the 
balsam. 

Let OB represent the direction of tbe plate of cement, and 
measure off OK to represent the velocity of light in that medium ; 
the limiting directions of the two pencils will be thus obtained. 

First, for the ordinaiy ray ; describe a sphere round with the 
radios a, and from R apply to that sphere the tangent plane Rs, 
meeting the surface OP in the line t ; then from that line apply a 
plane touching the sphere pertaining to the aii in the point u, 0« 
is the direction of that external ray, of which the ordinary pencil 
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just suffefs total reflection at the surface of the balsam; this is one 
of the boandaries of the field of view. 

.Again, from the aame point B appl; the plane RST touching the 
spherolde in S, and cutting the surface OP in T ; the tangent plane 
TU will give the direction of OU the limiting extraordinai; ray. 

The question is to place OR, so that the angle UOu may be 
bisected by the line OM. 

For the analytic solution of this problem we hare only to go into 
detdl with the investigation for e^ttiaordinary light; since the 
insertion of p— a in any formula for that species of light will gire 
the corresponding formula for ordinary light. 

Denote the angle LOP by ft, the required angle LOR by v, and 
the velocity of light in Canada Balsam by y : then are l^e co- 
ordinates of the point R 

iCR=yco8^; ys-ysinv. 

Bat the equation of a plane passing through R, and touching the 
sphetoide, ia 



+»{.v.T«.v("y.+«-"OT) ) ""'''■* 




=y(«' 



From the inspection of the figure it is dear that 
^T-secPOU.coBju 
jr = eecPOTJ.shi n 

which values inserted in the above equation of the tangent plane 
give, after reduction, and putting ^ = ^-a?, 

«=o08^cosy+o*coB(/i-v)Tyain(;i-v) j(«»coet^-^(;8»-V)) 
« POtJ= , „ , V T / . 

y(a= + .^cos.^) 

The supposition p = a, t = in this formula will give the value 
of the cosine of the limiting angle for ordinary light : thus 
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ay 

The object is to find a valae of v which vould give 

P0U + P0a-2(^-X), 

which would be accomplished by leBoWing the equation 

. , ,, Bin POU + sin POw 
^"'t^-^)° coBFOU + co.P OL = 

bat the htboiiT atteading the exhibition and direct reeolntion of this 
equation would be enormous. I have, therefore, preferred the method 
of approximation. 

In making this approximation we derive a guide from the last 
term of the numeiatoF of cobPOU ; which becomes im^inary when 

^ COB »* is less than the known quantity -i(^ -- ■^). This limit, 
which gjves (v) = S7°..65', conesponde to the intersection of the 
ellipse with a circle described with the radius OR, 

I, therefore, aeaumed three values of v, or rather of /* - k, and com- 
puted thence the corresponding values of POU, POu, and of the 
error J(POU + P0«() - 0* - X), as under 

fi-v V POU POtt EiTor 

85' 53°.. 45'.. 46" 80°. . 04'. . 66" 40*. . 01'. . 32" - 14°.. 57'. . 46" 

90 48. .45. .46 83. .00. .21 50 .. 35.. 13 - 8 .. 13.. 13 

95 43. .45. .46 8G..48..08 60 ..03.. 04 - 1 ..35. .24 

where the extent of field (POU - POtt) is observed to decrease, the 
greatest possible extent of field being obtained when v has the 
limiting value : but then this convenience of a large field is counter- 
acted by having it nnsymmetricaUy placed in reference to the line 
of sight ; as well as by the necessity of using a very long rhomb 
which would give another limit to the extent of view. 

Computing, by the ordinary method, from these three results, 
that value of v which may give no error, we find v— 42°.. 33'.. 00"; 
hut this is only an approximation. Computing from it the value of 
the error, we find 

POU - 87°. . 52'. . 39"; P0« - 62°. . 14'. . 39", 
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giving an error of +2'. . 39", from vhich we infer 



{v}-42..34..58 ) 

ThiB value of FOR, 96° . . 1 1', differs by aix d^rees from the deter- 
mination of Mr Nicol ; but as the surface according to that gentleman 
ia inclined by seven degrees to the position assigned by theory, it 
follows that the value of v, or the position of the plate of balsam in 
reference to the axis of the crystal, ia nearly the same in his instru- 
ment, as by the above determination. 

If, indeed, an eye-piece, constructed according to the directions of 
the inventor, be placed so that the light from any object pass in 
the interior parallel to the length of the rhomb, that object will be 
found considerably nearer the limit of the ordinary than that of 
the extraordinary light. 

The above angles are suificient to guide the operator in the con- 
struction of the eye-piece. But it is to be remarked that the advan- 
tages sought in this construction do not balance the disadvantage 
of a diminished field ; and that Mr Ificol's dimensions are preferable. 

Having now completed the investigation of the best form for a 
rhomb whose faces are obtained by cleavage, I shall proceed to 
investigate the absolutely best form independent of that considera- 
tion. 

In strictness, this investigation ought to be founded on the above 
Talnes of POU, POu. It ought to include the solution of the 
equation 

P0U-fP0« = 2(^-A). 

The root of that equation determined, the value of POU - POb 
should be thence deduced. Then the maximnm value of that field 
ought to he sought, ft. and X being the primary variables. 

Or if the condition of non-refraction of the line of sight be 
included, p. becomes a function of A, and hence the differentiation 
becomes monome. This investigation however is, on account of its 
complexity, almost impracticable : for it I shall substitute another. 

Instead of seeking the maximum separation of the hmiting rays 
exterior to the rhomb, I shall seek for that position of the plate of 
balsam which gives the greatest internal divergence, which depends 
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simply aaa, p,y; after it ia determined it vilL then lie proper to 
enquire, what position of the eDds of the rhomb will give symmetry 
in the placing of the field of view. 

We must, then, determine the position of OR so that iJie angle 
S0« may be a maximum. Kow, it is obvious that the angle R0« 
is constant, having for its cosine the ratio - : and thus we have to 

seek only for that position of OK which gives BOS a minimum or 
a maximam. 

ROS will, in the particular state of matters, be a minimum, 
actually zero, when OR is a semi-diameter of the ellipse, that is, 
when (v) = 57° . . 65' ; but if ROS be greater than B0<, 80s wiU 
be the excess ROS-ROs, and we must then seek for ROS a 
maximom, not a minimum. 

The equation of a plane touching the ellipse of S is 

and since that plane must pass through R 

^3 * ^ -*• 

from which equation, and the equation of the spheroide, we may 
determine Xg, y^ the ordinates of the point of contact, 

^^» T ya V(°'4 + ff°4 - °'^) 



y^-fP- 






in which, substituting for x^ y^ their values, we obtain 

y*" y a^sinv^+^'^cosi^ ' 



mQ ^ a 'sinv±eos^V(yVsinv^-n8icost^)-a'y i 
'»^'^o=^»yS*co8v + ainvV{A'^*ai"^ + /a'cos.'=)-a^/i*}' 
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How, BOS is the diffeience between LOS and v, so that when BOS 
is minlmqin or inaximam 8R08 => Sv ; that is, since fiR03(Bec BOS)- 
=-8taiiB0S 

Si'(eecB0S)i-=8.taaB0S. 
Putting 

whence 

(»cHos>'- °'^^^°y-'r''S-'«;'^(''7''-i-y°°"'VN' . 

and also 



&- (a^^ffS + a^Nsin^)' 

BO that the value of v will be determined by equating the nomeiatois 
of these two fractions. Thus 

(a*Binr2-a«^ + /3'coBv«)/N»±2a«;8«<VNsinvcosv=+a»j8Va«sin^+j9Scosr')^', 
ot 

//» 1 i • i\^j-Kraj.i) im^xr^^ ^ ^a*^3'yi'(a'sinv* + fi'cOBy*)8in»eosr 
{fPzobtr - a'aar'j^Y'a^ ± Za'p'tysi BinvcOB v= T — '^-' — ^ -r^ ' 

whence, after repeated simplificationa, 

( - o* sin ^ + ^ cos t^y + o>^{<x» sin V* - j9« cos ►«) 

±2a«j3Vv(»*Bin.^ + ^coevS-^*)co8v8inv 

^ a''^(a'6in>^ + ycosv')co«vsinv _q 

^/fa"Binv2 + ^C06v»-^^ 

(-a»BinK^ + ^cos^)/|a»Binv* + i8*COBvS-^l' 
-f2a.'p*yeoavaavi a*ain>*+^cosv* -^^ [ 

+ B^/S^ycoecsin^f (i*sinv*+/3°cosv*} 
~T a*)3<yC08»8inv|3a«sinv* + 3j8'co8>^-2^} 

nigiUrrlbyGOOglC 
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whence aqnaring 

(- a* 8in ►*+)?' cos v*)v(a> Bin V* + j8!coav« - ^^^ 

= a*^ COS ^ Bin v*^3a2 sin »* + 3^5* cos v! - 2^^* 

which is an equation of the fifth order, sin i^ being the unknown 
qoantity. 

For the convenience of development pat 

a^einvS-A; /5»co8v«=B; ^ = C; 
then the equation becomes 

( - A + B)V{A + B - C)3 - AB(3A + 3B - 2C) Vy3* , 
or 
jAs + A*B-iiA8B*-2A'B» + AB* + B*}+C{-3A*-9A»B-12A>B'!-9AB»-3B*} 
+ C»{3A8 + gA^B + 9AB> + 3B*} + C»( - A» - 2AB - B^} - . 

Or, again, 
(A + B)3( A - B)' - 3C(A + B)S(A» + AB + B*) + 3C?( A + B)s - C»( A + Bf = , 

hence as two of the solutions of the equation we have A4-B — 0, 
the roots of which are clearly imaginary. The remaining solutions 
belong to the equation 

( A + BX A - B)» - 3C{ A3 + AB + B3) + 3C*( A + B) - C» - , 

which is only of the third order in rafexence to the unknown 
quantity sin ^. This equation may be put under the form 

Bin y«<3(2j8» - ,»)a + sin v*^{ 3a2(j8« - /9*<» + .*) - T^i/S* - «*) } 

+ sin F^ { SaV - 3y!03* - ^) + /(4/3* - f")} - ^(t* -«»)» = . 

Put here sin v*"*^, and we have 

3!' . «*(2/9« -.»)» + a:={3a»(j8* - y3S£« + .*)- 7*(4j8* - £*)} 

which becomes on substituting the numerical values for a^, /3*, **, y', 
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!c»-088113; aS = -364816; y3>- -462 929l 

/'-•427716; ■/ ~ a? = -QGi 900 ; ^ + t^- -5*1 0421 
2jS! + «*-993 971; 2^-€i'=817 745; i^-^ = 1723 SOS) 
0-058 9218«s_0168 3148^+0-097 2308j:-0-000 248858 = 0. 

This equation has three roots, only one of which is consistent 
with other condttionB not involved in the algebnuc expression of 
the problem : that root ia 

a: =0025702, 
whence 

v=2°..59'..25", 

a resnlt vhich givea the maximum value of ROS, and therefore the 
minimum of SO* ; or the maximum of - S0«. 

The value of ROS dedaced from the above ■• is 24' . . 40' . . 23", 
while the constant value of RO* is 22° . . 32' . . 59" ; thus leaving 
foT S0( only 2°.. 07'.. 24" as the maximum when 0« falls 
between OS and the axis. This Icavea so small a difference between 
the interior laye which experience total reflection at the surface of 
the balsam, that it is needless to pursue the investigation farther. 
It may be at once held as demonstrated that the beet position for 
the plane of cement is beyond the limit which gives a coincidence 
to the two interior lays 08, Os ; and that we must seek for the best 
possible position beyond that limit. 

The maximum value of R0« - ROS must, since R0« is constant, 
accompany the minimum value of ROS, which minimum value, 
since both angles must always lie on the same side of OR, is zero. 
We might, therefore, be led to suppose that the beat value of LOR 
is {v) = 5T ..56'. But in reality, any value of LOR between 
57°. .55' and its supplement 122°. .05' is accompanied by this 
circumstance, that no pencil of extraordinary light ia intercepted by 
the balsam. Heace in considering the values of v between these 
limits, we have only to examine the condition of total reflection of 
the ordinary ray; this examination is a matter of comparative 
facility. 

Having thus found a wide range of angles accompanied by no 
tuterraption of the extraordinary ray, we might enquire what 
particular angle would give the most extensive field of view ; but 
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in reality, all positions of the plane OR give the aaroe value, 
22" . . 33', to the angle KOi, bo that the position of OR between 
these limits is indeterminable hy this condition. 

Another and remarkable condition maj, however, be proposed : 
vis., so to place the external sorface, that no ray of ordinary light 
entering the eye-piece may pass through it; while at the same time 
not a single extraordioary ray is intercepted. The constrncttoD of 
an eye-piece to eatiafy these conditiona would seem to give every 
requisite desirable in such an instrument 

Let AB leprenent the position of the plate of 



Fig.S. 

balsam, anywhere intermediate between 57°.. 65' and 102°.. 05' 
from the aria. Make ABD = 22' . . 33' ; any ray of ordinary light 
passing in the interior between AB and DB would suffer total 
reflection ; no ray beyond DB would be intercepted. We wish, 
then, that no ordinary ray entering the substance may make with 
the line AB an angle greater than 22* . . 33' : in other words, a ray 
of light BD passing in the interior ought to suffer total reflection at 
the enter surface. The angle ADB, then, ought to have for its 
cosine the ratio a ; whence 

ADB- 52' . . 50'. . 35" 
ABD- 22 ..32. .59 



BAD-104 ..38.. 26 

Aasaming AC an the limit of the rhomb, and making that 
coincide with the direction of the argte of the primary form, the whole 
instrument is defined. With this eye-piece, as a matter of cooise, 
there are no separating banda perceived. 

In all of these enquiries the object has been to exclude the 
ordinary and transmit the extraordinary pencil. But the converse 
question may alao be proposed. 

At a glance it ia aeen that no combination similar to that which 
we have been considering can supply the requisite conditions. We 
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must place the calcareous spar between two wedges of a mediom 
having a gieatei action on light. 

If a plate of spar be placed between two wedgee of glass, having 
its index of lefractioit juat equal to the index of calcaraoua Bpu for 
ordinaiy light, no ordinary ray would be intercepted; and then 
would remain the question — so to form these wedges as to exclude 
the extraordinary pencil, as also to determine the manner in which 
the slice of apar should be cat from the crystal. 

Supposing a glass obtained with the refractiTe power - — 1*655 ; 
it is obvious at once that the best direction for the slice of calcareous 
apar is across the axis of crystallisation. The angle at which the 
extraordinary ray interior to the glass would suffer total reflection 
would have ^ for its cosine; hence, that angle would be 26°.. lO*.. 19" 




Let, then, AB represent a plate of Iceland Spar cut at right angles 
to the axis: ABD, ABC, two wedges of glass ind. ref.-= 1-655. 
Make ABD = 26°. .10'. . 19", and a ray of light between AS and 
DB would send through only the ordinary pencil j beyond DB both 
would pass. Make, again, the angle BDA such that its cosine 
is a, that is, make it 52*. . 50'. . 35", and, of course, BAD = 
100°.. 59'. .06" ; and then, while no ordinary ray is intercepted, 
no extraordinary one is suffered to pass. 

When the refractive power of the glass employed is not the 
inverse of a, the computations become mora Intricate ; bat they 
resemble so closely those of the first part of this paper that it is 
needless here to go over them. 

The importance of the eye-piece as an instrument for experimental 
research, entitles it to a strict and niinnte analysis, that we may 
call into action the full development of its powers, and thns make 
sme of losing none of the benefits which it promises to confer. 



30f& January 1S37. 
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Note on Dr Bang's Paper. By Prof. Tait. 
(Read November 23, 18BI.) 

At the Terf argent request of the late Br Sang, who regarded the 
above paper as one of his chief contributions to science, I brought 
before the Council of the Society the question of its publication. 
From the Minute-Book of the Ordinary Meetings, I Gud that it waa 
read on the 20th February 1637, though it is not mentioned in the 
published Proceedings of that date. On 21st July 1891 the Council 
finally resolved that the paper should be priuted in the Proeeedinga 
" if otherwise found desirable." The reasons in favour of printing 
it seem to outwe^h thoee which may, readily enough, be raised 
against such a couise. 

The subject is one with which, except of course in its elements, 
I have long ceased to be familiar. But, from the imperfect 
examination which I have found leisure to make, I have come 
to the following conclusions. 

The paper contains a very impoTtant aaggCBtion which (one would 
have thought) should have been forthwith published, whatever 
judgment might be passed on the rest of the work: — viz., the pro- 
posal to construct the polariser of two glass prisms, separated by a 
thin layer, only, of Iceland spar. In view of the scarcity of this 
precious substance, such a suggestion was obviously of great value. 

I am not sufficiently acquainted with the early history of the Nicol 
prism to be able to pronounce on the question of Dr Sang'a claim 
to priority in the explanation of Its action :— but he told me that he 
believed himself to have been the first to demonstrate that the separa- 
tion efiected was due to the total leflection of the ordinary ray. 
And it is quite certain that, long subsequent to 1837, various very 
singular attempts at explanation have been given in print The 
inventor, himself, seems to have thonght that the effect of his 
instrument was merely to " increase the divergency" of the two rays. 

The numerical error which Dr Sang has pointed out in Mains' 
work seems to have been a shp of the pea only, as the minutes and 
seconds of the angle in question are coirectly given. He supplies no 
reference to the passage, but I find it in the list of calculated angles 
at p. 125 of the Th&orie Ae la Double Refraction. It cannot be a 
more misprint, because the supplement is given along with the angle, 
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and is affected by the coireapondiDg error. Bat I do not think 
that Dr Bang's further remark ia jostiGed, as Malus not only gives 
the correct expression for the cosine of the angle in qnestion, bnt 
seems to have employed in his subsequent calcalatiocB the inclina- 
tion of the axia to a face, not to an edge, of the ciysta) : — and he 
gives the accurate Domerical value of this quantity, as deduced from 
WoUaston'a measure of the angle between two faces. 

There is an altogether unnecessarily tedious piece of analysis in 
Dr Bang's investigation of the limits within which the prism works: — 
and it is so even although he shorteus it by the introduction of the 
terribly significant clause "after repeated «mplilications." I will 
give below what I consider to be a natural and obvious mode of 
dealing with the question (one which, besides, leads to some elegant 
results) : — but I have reproduced Dr Sang'a manuscript ae it was read, 
for the circumstances of the present publication seem to require 
literal accuracy. Dr Enott baa kindly verified for me the agreement 
of my final equation with that of Dr Sang. 

In p. 331, above, it is clear that, since S is a point on the spheroid, 
we may put 

ZlxaCOS^, J/a = j3sin^. 

But we have (p. 328) 

!Cj[ = y COS V , 3/a = y sin v . 

Hence the general relation between R and S, i.e., between ^ and r, is 

COB ^ COB V sin ^ sin V 1 

• * ? r' 

Also, since the angle BOS is to be a maximum, 

s("°-'(4'»*)-')=''- 

Differentiating the first equation, and eliminating d^/dv between the 
two, we get at once the remarkably simple relation 

(tan ^y--^ tan V (I). 

But we may put the first into the form 

cos V sin V , , 1 
—— + — s- tan 4=— seed, 
or " ^ 7 
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The elimination of tan ^ between {!) and (2) b eaeily effected 
by mnltiplying (2) twice over by tan^ using (1) after eaeh opera- 
tion. We thus avoid the radicals wbicb make Dr Sang'a work so 
complicated, and we have only to eliminate tan ^ and (tan ^)^ 
among three equations of the first degree. The reeulting equation m 
of the fourth degree in (ein v)\ but it contains the irrelevant factor 
(»»,)■ (.in,)- 
.■-+ IP ■ 
[Another method of efTecting the elimination, while quite as simple 
as that just given, has the advantage of not introducing the inelevant 
factor. Write for shortness 



j)C0B^-f2sin^ = -, 

pijaa ^)* + ^coB ^)* — . 

From the second of these, by the help of the first, we at once obtain 

jisin^ -(-9cos^ = ~cos^BiH0, 

" -P I -g ^^ 

cos ^ sin ^ y' 

The following are immediate consequences : — obtained, respectively, 

by multiplying together the first and fourth of these equations, and 

by squaring and adding the first and third : — 

r"^" ein^cosi^ y*' 

p»+2i + 4p5 8in^cos<^-^(l + (sin0coe^)»J. 

From these the final result may be written by inspection, in the form 

^-i--^ n (7-^"-'')J 

which is obviously of the third degree in (sin i-)*.] _. , 
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It b clear that there are other parte of Dr Sang's paper which 
m^ht be greatly simplified by the nao of an anxUiaiy angle; bnt it 
BufBces to have shown the valae of tha method in the most compli- 
cated part of the inveatigation. 

[P.S.~Nov. 23, 1891.— Mr R. T. Glazebrook has Idndly given 
me a reference to Comptea Rendug, xcix. 638 (1884), where M. E. 
Bertrand Iiaa suggested the employment of glass prisms sepaiated 
by a thin layer of Iceland spar.] 
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On the ExtenBion of Brounoker'a Method to the Oom- 
pariaon of several Ma^nitndea. By Bdward Sang, 
LL.D. 

(Bead December 15, 1SS0.) 

In the paper on this subject, printed in the twenty-aixth Tolome 
of the Society's TransadioTta, tlie genecal principles only of this 
extension were explained ; since then the subject has lain Aside. 
An accident has drawn attention to the use of this method for 
determining cube-roots, and particularly in regard to the duplication 
of the cabe. The cousideration of this matter has led to the 
observation of certain relatione which deserve to be recorded. 

Here we have to compare three quantities which are in continued 
geometrical progression. From the greatest of these we dednct 
multiples of the others to obtain a fourth magnitude or remainder 
less than the least of the preceding ; leaving off now the greatest, 
we treat the remaining three quantities in the same way, and so 
proceed until the remainder become insignificant or. In the case of 
commensurables, become zero. 

In the former explanation the three quantities wore arranged in 
the order of decreasing magnitude, and tbe second wEis taken aa 
often as possible from the first before the subtraction of the third 
was attempted, and the three quantities in hand remained arranged in 
the order of decreasing magnituda 

For the sake of illustration we may take the case of the cube- 
root of 2, in which case we have the three quantities ^i, ^2 and 
1, to be compared. Expressing them numerically, we have 

1.5874011=A, 
1.2599310 = B, 
1.0000000 = 0. 

The second of these deducted onee from the 6ist leaves a remainder 
lees than the third, therefore we write A=1.B + 0.C + D, leaving 
D«. 3274801. Treating B, C, D in the same way we find 

VOL. xvin, is/i/ea 2 B 
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B = 1.C + 0.D + E, leaving E = . 2599210. Here, however, on 
comparing C, D, E, we End that D maj be taken thrice from C, 
and we get C = 3.D + 0.E + F, loaYing F = 176597; and thna the 
work proceeds, as ahowo in the accompanf ing scheme -. — 

1.5874011 -A = l.B+O.C+D 

1.25995!10 = B= l.C+O.D+E 

1.0000000 = C- 3.D + 0.E+F 

.3274801 =D= 1.E + 3.F+G 

.2599210-fi-14.P+0.a+H 

175597-F= l.a+0.H + I 

148800 = G= 1.H+0.I+K 

140852-H- 6.1 +O.K + L 

26797 = 1 - 3.K+0.L+M 

7948 = K= 1.L + 0.M + N 

6867-L- 2.M + 0.N + O 

2953 = M= 2.N+0.O + P 

1081 = N- 1.0+O.P+Q 

961 = 0= l.P+l.Q+R 

791 = P=. 6.Q+1.R + S 

120 = Q- 2.E+1.S 

50 = R 

21-S. 

In the work bo carried on, there is no appearance of recnnence 
among the quotients, such as is seen when two qnantities are compared 
for the parpoae of finding the square-root. Bnt here we have 
followed the pnrely arbitrary rule of making as many snbtiactioiis 
as posuble of the eecoud from the first of the three quantities. We 
might have written, 

C = 2.D + 1.E + F 
or C=1.D + 2.E+F, 

or even C-0.D + 3.E + F. 

In such case we should have a change in the sequence of die 
qaottente, bat any of theee, if continued to exhaust the abeolute 
numbers proposed, would necessarily result in reprodnciog those 
very numbers. 
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On nsiDg tihe first of these Tuiations, that is, making 

C = 2.I> + 1.E+F. 

the entire scheme becomea this ; — 

1.58740n=A-l.B+O.C+D 

1.2599210 = B=1.C +O.D + E 

1.0000000-C =2.D +1.E +F 

.3274801 = D = 1.E+0.F+G 

.2599210-E =2.F +1.0 +H 

851188 = F =1.G+0.H+I 

675591 = =2.H + 1.1 +K 

221243 = H=1.I +O.K+L 

175597-I =2.K + 1.L +M 

B7508 = K = l.L+O.M + N 

46646 = L-2.M + l.N+0 

U93S = M-l.N+0.O+P 

11862 = N=2.0+1.P+Q 

3914-0 -l.P +O.Q+E 

3073 = P=2.Q+1.R+S 

961=Q = 1.R+0.S +T 

841 = E=2.S+1.T+U 

310-S -l.T+I.U + V 

120 = T 

101 -TJ 



in which the pair of groups of quotients 
(1.0,1) 

U, 1, 1 J 

ia repeated almost to the end, ceasing only when the accumulation 
of ttis last^place inaccuracies may hare interfered. Hence vre are 
kd to aaaume that this reourrence ought to continue for ever. The 
amindnees of this infeTence is confirmed when we operate on the 
symbolical representatiTea of the three quantities. 

Beginning with the three valnes, A = ^4, B= :^2, C = 1, and mak- 
ing A-1.B + 0.C + D, B=l.C+0.a+E, we tind D- ^4- ^2, 
E = 4^2 - 1 , and have now to operate on the three quantities C, D, E. 
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We have to anqnite how often D may be contaiaed in C. Noir the 
qnotients among thom are not affected by any other alteration in valae, 
provided they be all changed in the same ratio; therefore, exactly aa 
in the analogous well-known operation for eqaare-roota, we seek 
some multiplier which may tender D rationaL This mnltiplier u 
evidently ^4 + ,^2 + 1, and the new proportionate values of C, D, E 
become C= ^4+ i/2 + 1, D'= 4/2, E'-l. Here we obaerve that 
D' is contained in ^4 + ^2 twice, while £' is contained in 1 once, 
■wherefore we write C' = 2.D' + 1.E' + Fgiving F'= ^4- 4/2; and 
thereafter putting D' = l.E' + O.F + G' we find G' = 4/2 - 1. Here, 
again, we see that the E', F', G' are transcripts of the previous 
C, D, £, and that thus the group of quotients 

f2.1,l. 
11, 0, 1/ 

must continually recur. This is concisely shown in the sabjoined 
scheme. 



A-V4 








A = 1.B+0.C+D 


B- y2 




B-1.C+0.D + E 


0- 1 




V-i+yz + i 


(C-8.D+1.E + F 

1d-i.e+o.f+g 


D.4,4- 


!!■' 


m 


E-yj- 


1 


1 


'ji*m* 


I ;E=2.F + l.a+H 
IF = 1.G + 0.H + I 


F 




^i-Hi 


^2 


G 




4/2-1 


1 


and 80 on. 


H 




•ji-'j-> 




I 






ja-i 





It follows from this, that the values of F and G are leas than 
those of D and £ in the ratio of ^2-1 : 1 ; while those of H and I 

are again less in the same ratio, so that the aeries D, F, E 

as also £, G, I form geometrical progressions having tJie 

common ratio ^2-1; and, writjugfor shortness' sake G" ,^2-1, 
wehaveD-e^2, E-a; r-e»^2, G-e'; H-e" »/2, !-.«»; and 
so on. 

By successive subetitutiona we obtain the simultaneous values of 
A, B, C as shown in the subjoined aoheme. In the lower part of 
it the numerical coefScients alone are written. 
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l.A 


















1 l.B 


+ 0.0 


+ l.D 


1.6 
















+ l.E 


l.C 


+ 0.D 




l.C 








+ 2.E 


+ l.F 


2.D 












1 G.E 


+ l.F 


+ 3.0 


4.E 


+ l.F 


+ 2.G 


8.E 


+ l.F 


+ 2.G 


ll.F 


+ 8.G 


+ 6.H 


B.F 


+ 6.G 


+ 4.H 


7.F 


+ 5.G 


+ 3.H 


le.G 


+ 6.H 


+ 11.1 


16.0 


+ 4.H 


+ B.I 


12.0 


+ a.H 


+ 7.1 


; M.H 


+ 30. 1 


+ 19.K 


84. H 


+ 24.1 


+ 16.K 


27. H 


+ 19,1 














+ 84.L 








les 


116 




181 






104 


73 




281 


73 


166 










46 




' 635 


446 


281 


t04 


364 


223 


400 


281 


177 


1081 


S81 


836 


85S 


228 


604 


681 


177 


400 


2443 


1718 


1081 


1939 


1382 


866 


1639 


1081 


6B1 


*I59 


»81 


2448 


8301 


858 


1939 


2620 


681 


1639 


B399 


6603 


4150 


7480 


G240 


3301 


G921 


4159 


2620 


16001 


41S9 


0399 


12700 


8801 


7460 


10080 


2620 


5921 



Omitting each alternate line of these values, we form a continuous 
series as shown below : — 



A. 


B. 


c. 


l.C 


l.D 


l.E 


l.C 


O.D 


l.E 


1.0 






B.E 


l.F 


8.0 


4.E 


l.F 


2.0 


3.E 


l.F 


2.G 


19.G 


6.H 


ll.I 


15,0 


4.H 


9.1 


I2.G 


3.H 


7.1 


73. 


19. 


48. 


68. 


15. 


34. 


46. 


12. 


27. 


281. 


73. 


165. 


223. 


68. 


131. 


177. 


46. 


104. 


1081. 


281. 


686. 


868. 


228. 


604. 


681. 


177. 


400. 


4159. 


1081. 






868. 


1939. 


2620. 


681. 


1639. 


16001. 


4169. 


93S9. 


12700. 


3301. 


7460. 


10080. 


2620. 


5921. 


<--' 


^^2 


^ 


«— ' 


e-^2 


e" 


e— ' 


«-^2 


e- 


1 


-^4-^2 


^2-1 


1 


^4-^2 


■^3-l 


1 


^4-^2 


■v- -1 



A. 


B. 


0. 


1 


2 


2 


1 


1 


2 


1 


I 


1 


5 


6 


8 


4 


6 


6 


s 


4 


6 


19 


31 


80 


16 


IB 


24 


12 


15 


19 


73 


92 


116 






92 


46 


58 


73 




364 


446 






854 








1081 


1362 


1716 


868 


lOBl 


1862 




858 


1081 


4158 


6240 


6S02 


S301 


4169 


5240 


2620 


3301 


4169 


1600x 


20160 


25400 


12700 


18001 


20160 


10080 


12700 


16001 


iji 


^2 


1 


^4 


"J'2 


1 


^4 


,^2 


1 




^xe-- 
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and, collectiog those terma involving ^4, ^2, we get thia ne» 
scheme, which makes it clear that the namerical coefficieats in the 
development of the powers of ^4 + ^2 + 1 give the desired a^iroii- 
matiODS to the values of 1, ^2 and of :^4. 
Those coefficients are readily foand thus : — 
We write the group 

1, 1, 5 

0, 1. 4 

0, 1, 3 

and continue the progression by adding the antepenult to the tfiples 

of the last and of the last but one term for the succeeding term, as 

1 1 5 19 73 281 1081 4159 16001 etc 

1 4 15 58 223 858 3301 12700 etc 

1 3 12 46 177 681 2620 10800 etc. 

If we follow the same method for the square-root, we find that 

the successive powers of ^2 + 1, namely, 2^2 + 3, 5^2 + 7, 

12^/2 + 17, and so on, have their coefficients approximating to the 

1 2 5 12 
ratio of 1:^2, thus j-» y- yi ys' etc And if we proceed in 

the oppoeite direction we find aimilarly that the coefficients of the 
powers of 4/^+4/4+4/2 + 1 approximate to the ratio of 1, 
^2, ;^4, 4^8. The computation of these coefficients may be made 
neatly as in the adjoining schema 

1 4 22 116 613 3240 17124 90504 etc. 
1 5 26 138 729 3853 20364 107628 etc. 
1 6 31 164 867 4582 24217 127992 etc 
1 7 37 195 1031 6449 28799 152209 etc 

Here the number at the head of one of the numbers in the pre- 
ceding column, thus 613 = 116 + 138 + 164 + 196. To this 613 we 
add the preceding 116 to get 729 ; to 729 we add 138 to get 867, 
and ao on throughout From four contiguous terms in any one 
tine we may deduce the succeeding term by using the mqltiplien 
1,4,6, 4; thus 1.22 + 4.116 + 6.613 + 4.3240 = 17124. 

The numben shown in the last column give, between 90504 u<l 
its double 181008, three mean proportionals 107626, 127992, and 
152209 \ and it is apparent that a fifth line deduced from the fonrtt 
one would be doable of the first 
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Id the same v&y we may proceed to compate four geometrical 
means between a line and ite doable thoa : — 

1 5 35 236 1580 10626 71460 etc. 

1 6 40 270 1815 12206 82086 etc 

1 7 46 310 208S 14021 94292 etc 

1 8 53 366 2395 16106 108313 etc. 

1 9 61 409 2751 18501 124419 etc. 

and we have the aixnumbeis 71460, 82086, 94292, 106313, 124419, 

142920 in continued proportion to within one-tenth part of unit 

in an; of them. 

The same process may be oaed for the roots of the number 3. 
Thoa, if we write r for the »"" root of 3, and work out the snccesaive 

powers of (j*"' + r"'"+ r*+r' + l) we shall find that the 

coefficients may be computed in a manner quite analogona to the 
preceding. Thus for n^B, that is, for ^3, the Hcheme is as 
under ; — 

1 5 45 365 2965 24141 196485 etc 
1 7 65 455 3696 30071 244767 etc 
I 9 69 565 4605 37461 304909 etc 
1 11 87 703 5735 46671 379831 etc. 
1 13 109 877 7141 58141 473173 etc. 
Here the number placed at the top of a column is the sum of the 
numbers in the preceding column, and the following terms are 
got by adding thereto the doable of the preceding number, tlius 
366 + 2. 46 - 455 ; 466 + 2.56 ■■ 665, and so on, as is seen whenever 
we proceed to collect the surd elements of the successive powers of 
^3* + ^3* + ^3' + ^3 + 1 ; and it is manif sst that tlie subseqaent 
or sixth line would be just the triple of the first one. The approxi- 
mation is, in this case, much slower than in the pieceding. 

The same method is applicable to the roots of rational fractions. 
Thus we may take the case of ^j, or as we may write it ^{l-Hj). 
The arrangement is thus : — 

1 15 286 6295 98445 etc. 
1 17 315 5865 109035 etc. 
1 19 349 6496 120765 etc. 
1 21 387 7193 133755 etc. 
1 23 429 7967 148141 etc. 
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Here the new colamn is headed by the triple of the sum of the 
numbers in the previous column ; and the rest of the column is got 
by adding the doubles of the adjoiDing figures. 

Thus it seems that the comparison of several quantities in con- 
tinued proportion leads xm to this general conclnsioa that, if r 
be the n"* root of a nnmber or of a rational fractiou, and if the 
powers of 

r"-' + r-'+. . . . +r= + r + l 

be expanded, the numerical coefficients of tbe several surds are 
approximately proportional inversely to tbe values of the surds 
themselTcs : the approximation being closer as the index of the 
{lower is augmented. 
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MeetingB of the Boyal Society— Sesaion 1800-91. 

Monday, 24tt IfuveTober 1890. 

Oeaeial Statutory Meeting. Election of Office -Bearers. P. xviii. 

Morulay, \at December 1S90. 
Sir Douglas Maclagao, KI.B., Preaident, in the Chair. 
1. The President gave an Opening Addreas. P. xviiL 2. 
The following Oommunicatioiis were read : — 



3. On an Analytical Examination of Mftnganeae Nodule^ with special 
reference to the Presence of the Sarer Elements. By Jobm Qibbox, 
Esq., PLD. 

4. On the Occurrence of Sulphur in Marine Muds and Nodules, and 
its Bearing on their Modes of Formation. Bv J. Y. Bochasas, F.R.S. 
P. iviiL 17. 

5. Anatomical Description of Two New Genera of Aquatic Oligochteta. 
By Fbahk £. Beddabd, M.A. Oion. T, xxxvi. ST3. 

6. On a Simple Pocket Dust-Counter. By J. ArrKES, F.R.S. P. 
x»iii 89. 

Tha following CaSdidatea for Fellowahipa were balloted for, and 
declared duly elected Fellows of the Society : — 
Henrt Hassottb Vernon, M,D. 
J. H, FOLLABTON, M.A., D.Sc. 
JosBTTA Law Kerr, M.D. 
Jameb Walker, D.Sc, PI1.D. 
Alexander Shitb, Ph.D. 
Cuables a. Coofeb. 



Monday, Ibth December 1890. 
FiofesBor Crum Browo, Secretory, in the Chair. 

The following Commnmcations were road ; — 

1. On the Extension of Brouncker's Method to the Comparison of 
Several Magnitudes. By E. Sang, Esq., LL.D. P. xviii. 341. 

2. Proposed Extensions of Quaternion Powers of Differentiation. By 
AlbxandeB M'Aulat, Ormond Collie, Melbourne. Communicated by 
Professor Tait. P. xviii. 9a 
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3. Exhibition of ft Model illustrating a Molecular Theoiy of Mag- 
netism. By Proteasot EwiNO, F.R.S. 

4. On the Development of Adenoid Tissue. By Di Gullasd. Com- 
mtmicated by Dr A. Bruce. 



Monday, &th January 1891. 
Profeaaor Chiyatal, LLD., Vice-Preudeut, in tlie Cliair. 
The following Communications were read : — 

1. Obituajy Notices — 

Sir Henry Yulb. By Coutts Trotteb, Esq. P. xvii. p. xliii. 
Tit Jahes DimcAN Maithews. By Professor M'iNToeB, 
F.RS. P. ivii. p. xxxviiL 
. Bev. Jaheb Obast, D.G.L. By A. B. Bell, Advoc&te. P. 
xvii. p. xxxii. 

2. On the Soaring of Birda ; a continuation of the letter from the late 
Mt W. Fkoudk to Sir W. Thomson. P. iviii. 65. 

3. Further Not« on Impact. By Professor Tait. 



Friday, 9<A January 1891. 
Professor Chiystal, I/L.D., Vice-President, in the Chair. 
The following ConunuDications were read : — 

1. On the Form, Structure, and Distribution of Manganese Nodules 
in the Deep Sea (with Specimens). By Dr John Mdrray. 

2. On the Occurrence of Manganese Deposits in Marine Muds. By 
Robert Ibvime, F.C.S., and Dt Johm Gibson. P. xviiL 64. 

3. On tbe Composition of Oceanic and Littoral Manganese Nodules. 
By J. r. Bdchanan, Esq., F.R.S. T. xxivi 

4. On the Composition of some Deep-Sea Deposits from the Mediter- 
ranean. By J. Y. BoCHANAN, Esq., F.E.a P. xviii. 131. 

&. On theActionof Metallic Salts on Carbonate of Lime (with illustra- 
tive Specimens). By Bobebt Irvine, F.C.S., and W. S. Anserbon, 
Esq. P. xriii. 52. 



Monday, \^tk Jamtary 1891. 

The Hon. Lord M'Laren, LL.D., Vice-President, in the Chair. 

The following Communications were read : — 

I. Obituary Notice, Jahks Leslie, Memb. Inst C.K By Alexander 
Leslie, C.E. P. xviii. p. xvii 
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5. On Berberine. By Profesaor W. H. Pirkih, F.R,S. 

3. On some hitherto QDprored Theorems in DetcrminanU. ByTHOHAS 
Mdib, LL.D. P. iviiL 7a 

4. On a Problem of Elimination connected with Olissettes of the 
Ellipse and Hjperbola. By Thohab Mdik, LL.D. 

6. The Equation of the Olissette of the Curve -i,+^—l, when the 

Guides ate the Axes of Coordinates. By the Hod. Lord U'Laren. P. 
xviiL 83. 



Monday, 2d Februars/ 1891. 

Sir Douglas Mach^^, M.D., President, in the Chair. 

At the request of the Council, Professor Bdihbbford gave an 
Address 

Oh ths Sense of Heabiho. 

The following Candidate for fellowship was balloted for, and 
declared to be a duly elected Fellow of the Society ; — 
John B. Ciabk, M.A. 



Monday, 16lk February 1891. 
A. Forbes Irvine, Esq., LL.D., in the Chair. 
The following Commnnicationa were read : — 

1. Further Note on the ViriaL By Profewor Tait. 

2. Haycraft's process for the EstimBtion of Uric Acid. A Reply to 
the Adverse Criticism of Salkowski and Jolin, and a lUview of the 
favourable Notices of Hermann, Gzapek, and Camerer. By John 
BiEKT Haycraft, M.D., D.Sc P. iviu. 265 {Ahtlract). 

3. Note on Fotaeeium Persulphate. By H. Marshall, D.Sc P. 

4. On the Interaction of Longitodinal and Circular Magnetisations in 
Iron and Nickel Wires. (Second Note.) By Professor Carqill G. 
Knott. P. xviii. 124. 

5. Professor Eelland's Problem on Superposition. By Robert Bbodie, 
Esq. Communicated by Professor Tait. T. mvL 307. 

6. On the Temperature of the Salt and Fresh Water Locbe of the 
West of Scotland at Different Depths and Seasons, during the years 
1887 and 1888. By John Mdrray, LL.D. P. xviii. 139. 

7. A New Method for the Estimating the Specific Gravity of the 
Blood. By John Berry Hatcraft, M.D., D.Sc P. xviiL 251. 
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Monday, 2nd March 1891. 

Sir DoDglas Maclagao, MD., President, ia the Chair. 

The following Communicatinna were read : — 

1. On the Inflaenc* of High Winds on the Barometer at the Ben 
Nevis Observatory, By Albiasdeb BtrcHAN, LL.D. P. iviiL 88. 
8. On a HiuQon Cyclops. By Dr Albxaiiiiek Brdgb. 

3. Cases illustrating the Position of the Visual Centre in Uan. By 
Dr Bybou Bramwell. 

4. On the Anatomy of Ocneiodrilus (£uen). By F. Bbddabd, M.A., 
F.Z.S. r. xKvi. 

The following Candidates for Fellowship were balloted for, and 
declared duly elected Fellows of the Society : — 
The Hon. Lotd Kyllacht. 
Professor John Rankin^ Advocate. 
Professor R. M. Waluslbt, D.Sc. 
Professor R. Stabfield. 
Sir Jaues Sawyer, Knight, M.D. (Lond.). 
The Hon. Lord SroBMOKTH-DaRLlNG. 



Monday, 16(A March 1891. 
The Eev. Professor Flint, Vice-President, in the Chair. 
The following Communicationa were read : — 

1. On Bi-stratification in the Liring Greek Language. By Prorcssor 
Blackib. 

2. On Silica and the Siliceous Remains of Organisms in Modem Seas. 
By John Murray, LL.D., Ph.D,, &c, and Robct Irvine, F.C.S. P. 
zviiL S29. 

3. On the Relation of Nerree to Odootoblasts, and on the Growth of 
Dentine. By W. G. Aitchibch) Robbrtbon, M.D., B.Sc Communi- 
cated by Sir WiLLiAU Tqrnbr, F.R.S. T. xxxvi. 321. 

i. On tiie Comparative Value of African Lands. By A. Silta Whiib, 

Esq, 



Monday, Wi April 1891. 

The Hon. Lord Maclaren, LL.D., Vice-President, in the Chair. ' 

The following CommunicatiocB were read : — 

1. Obituary Notice of Professor Caupbell Swinton. By The Rt. 

Hod. Lord Moncreiff of Tulliebule, Hon. Vice-President. P. xviii. p. i. 
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2. Synthesis of Dibasic Acids hj meanB of Electrolysis. Atkyl 
Derivatives of Succinic Acid. By Profeasor Crdm Browk and Dr 
James Walker. P. xviii. 9& {Abstract). 

3. On the Virial Equation, witli special reference to Carbonic Acid, 
By ProtesBor Tait. 

The fallowing Candidates for Fellowship were balloted for, and 
declaied duly elected Fellows of tbo Society : — 
John Hardir Wilson, D.Sc. 
John Macallan, F.I.C. 



Monday, ith May 1891. 
Sir Donglaa Maclean, M.D., President, in the Chair. 
The following Commuuicationa were read: — 

1. A CompariBon of the Minute Structure of Plant Hybrids with that 
of their Parents, and its bearing on Biological Problems. (Illustrated by 
three Parallel Lantern Demonstrations.) By J. M. Macfaslanz, D.Sc. 

2. On a Method of Observing and Counting the Number of Water 
Particles in a Fog. (Preliminaiy Note.) By John Aitken, F.R.S. P. 
xviii. 259. 

The following Candidates for Fellowship were balloted for, and 

declared duly elected Fellows of the Society : — 
BioBARn D. Orahau. 
T. Wbmiss Fulton, M.B. 



Monday, 18lk May I89I. 
The Hon. Lord M'Laren, LL.D., Yics-Preaid«it, in the Chair. 
The following Communications were read : — 

1. The barometer at the Ben Nevis Observatory, in relation to the 
Direction and Force of the Wind. By Alexander Buohan, LL.D. 

2. An Account of some Eiperimenls which show — (I.) That the 
Displacements of the Heart, which since Harvey's time are supposed to 
take place with every Contraction, do not really occur in the unopened 
Chest. (II.) That the Cardiogram has been misinterpi^ted by Phyeio- 
Ic^^iats. By John Bbrrt Hatcraft, M.D., D.Sc. 

3. The Clyde Sea Area :— Part I. Physical Qeogiapby. Part II. 
Salinity and Chemical Composition. By HcoB Rohbrt Mill, D.So. 
T. Kivi. 
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Monday, \ei Jwit 1891. 
Professor Chrystal, LLD., Yice-Preaideut, in the Choir. 
The following Communications were read : — 



2. On the Foeiil Plants of the Eilmamock, Qalston, and Kilwinning 
Coal Field, Ajrshire. By Robert Kidbton, F.R.S.R, F.O.S. 

3. On Some Belations between Magnetism and Tviat, Parts II. and 
III. By C. 0. Knott, D.Sc, F.R,S.E., Professor of Natural Philosophy 
in the Imperial University of Tokyo, Japan. T. zxxvi. 485. 

4. The Winds of Ben Nevis. By R. T. Omond, F.B.S.E., Super- 
intendent of Ben Nevis Observatory, snd Angos Rankin. T. ixzvi. 

&. OntheBloodofthelnvertebrata. By DrA.B. QBiPFrrHS,F.B.S.E., 
F.C.S., &c. P. xviiL 288. 

Monday, 15<A June 1891. 
T. B. Sprague, Esq., M.A., in the Chau-. 
The following Comronnicationa were read :— 

1. A Case of Defective Endochondral Gasification in a Human F<etuR. 
By JoHNBOH Stminqton, M.D., and Hbnrt Alkub Thomson, M.D. 
P. iviii. 271. 

2. The Alkaline and Acid Salts of the Blood and Urine, and especially 
those of Phosphoric Acid. By John Bbrrt Hatcratt, M.D. 

3. On an Optical Proof of the Existence of Suspended Matter in 
Flames. By Sir Georqb Q. Stokes, Bart, F.B.S. (In a letter to Prof. 
Tait) P. xviii. S63. 

4. Observations on Vegetable and Animal Celb ; their Structure, 
Division, and History. Part II. By J, M. Macparlanb, D.Sc. 

5. A Comparison of the Minute Stntcture of Plant Hybrids with that 
of their Parents, and its Bearing on Biological Problems. (Illustrated 
by three Parallel Lantern Demonstrations.) Part II. By J. M. 
Macfaslank, D.Sc 

Monday, 6A Jidy 1891. 
The Hon. Lord H'Laien, LL.D., Vice-President, in the C?hair. 
The following Communications were read : — 

1. On the Solid and Liquid Particles in Cloud& By John AiTRZir, 
F.B3. r. iTiv. 3ia 

2. A Demonstration of Lagrange's Rule for the Solution of a 
Linear Partial Differential Equation ; with some Historical Remarks on 
Defective DemonstiationB hitherto Gamut. By Professor Cbbtstal, 
LL.D. T. zxxvL 
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3. On the FouDdations of the Kinetic Theory of Oases, V. 

(a) On the Isothennals of Ethyl-Oside. P. »viii. 266. 

(6) On the Application of the Virial Method to System of 

Doublets, Triplets, Ac. 
(c) On the Mechanism of £qnilit»iuni between Liquid and 

Satnmled Vapour. 
By Professor Tait. 

4. The Halteae Fossil EchinaiiUa, and their Evidence on the Correla- 
tion of the Maltese Rocks. By J. W. Orboory, F.G.S., ot the British 
Museum. Cominiuiicated by Dr Johs Mobray. T. iixvi. 

&. On the Lateral Sense-Organs of Ltemargat Acanlhiat. I. The 
Sensory Canals. By Professor Ewart. 

6. The Electric Resistance of Cobalt at High Temperatures. By 
Professor C. Q. Knott. P. xviii. 303. 

7. The Thermo-electric Pafitions ot Cobalt and Bismuth. By 
Professor C. G. Kkott. P. iviii. 310. 

The following Candidate for Fellowship was balloted for, and 
declared to be a duly elected Fellow of the Society : — 
ROBBRT MUHBO, M.A., M.D. 



Wednesday, Utk Jdy 1891. 
Sir Donglas Madagan, M.D., President, in the Chair. 
The following Communicationa were read : — 

1. A New Ship for the Study ot the Sea. By Hia Serene Highness 
Prince Albert 0¥ Monaco, P. iviii- 295. 

2. Sot lea R&nltats zoolii^qnes des Campegnea de VHinmdelk. Par 
M. le Baron Julbb db Ouerne. 

[Theae two Papers were given at the Bequest of the Council; and 
the second was illustrated by Lantern Projections.] 

3. A Cartographic Device of great use in the treatment of some 
Geographical and Telluric Problems. By J. T. Buchanan, F.RS. 

4. An Account of a Deep-Sea Tow-Net. By W. E. Hotlk, M.A,, 

M.R.aa 

6. Exhibition of an Improved Self-Lockii^ Water- Bottle. By Dr 
H. B. Mill. 

Monday, 20(A July 1891. 
The Hon. Lord MXaren, LL.D., Vice-President, in the Chair. 
The following Coramnnications were read : — 
1. Obituary Notice of Professor C. I. Bueton. By William 
Mabshall. Communicated by Profeasor Gkddib. P. iviii. p. xii. 
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2. Additional Observatione on the Development and Life-Histories of 
the Marine Food-Fishea, and the Distribution of their Ova. By 
Professor M'Intosh, F.R.S. P. xviii. 26a (Abanui.) 

3. On the Bright Streaks on the Moon. By Professor Ralph Cope- 
land, AEtrOQOmer-BoyaJ for Scotland. 

4. On the Effect of IiongitudintLl Magnetisation on the Interior Volume 
of Iron and Nickel Tubes. By Professor C. G. Knott. P. sviiL 315. 

6. Further Remarks on the Relation between Kinetic Enerf^ and 
Temperature. By Professor Tait. 
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DonatioDS to the Library of the Royal Society from 
1889 to 1891. 

I. TRAiiBA<;noKB ABS Prockedings of Liabvxd Socibtibs, 

ACADSIOBB, &C. 

Addaide. — Philosophical Society, TTaiuactions and Fioceedinga. VoIb. 

XII., XIII. 1888-90. 8to. 
URiyeraity Calendar for 1890. 
American AiKiciatum for the Advancemmt t^ Scimee. — 38tli Ueeting 

(Toronto, 1889). 
Amtl«rdam. — Eon. Akademie van Wetenschappen. Verhandelingen. 

Aid. Natnurkunde. DL XXVII., XXVIII. 1889-»a— Afd. 

Letterkunde. Dl, XIX. 1890.— Venlagen en Mededeelingen, 

Natuurknnde. 3» Kks., DL VI., VII. 1889-90.— Letterkunde. 

3" Rka, DLVr^VIL 1889-91.— Jaarboek, 1889-90.— Poemata 

Eon.ZoologiiicltGenootMliap"NatiiiaAiti«Magi£tTa." Bijdragen. 

Feetnnminer, 1888. 
Wiakundig Qenootachap. Nienw Aichief voot Wi^knnde, XVI., 

XVII., XVIII. 1890-91. Opgaven IV. 2-6 ; V. 1, 8. 
Nienwe Opgaven. DL V., Nos. 86-116. 
Flora Batava. 28T-S94 AfleTeringen.— fVvm the DutiA Ooverv 

AuttraUa. — AuBtralaaian Association for the Advancement of Science. 

Bepoits, iBt and 2nd Meetings, 1888-90. 
Intercolonial Medical Congress, TnjuoctionB. Snd Semion. 1889. 
SaUimore — JtAnt Sopkint Univernty. — American Journal of Matbe- 

matica. Vols. XII., XIII., and Index to Vols. I.-X. 1890-91. 

—American Chemical Journal VoU XII., XIII. 1890-91. 

Index to Volo. I.-X.— American Jonmal of Philology. Vols. 

X, XL, XIL 1. 1889-91.— Studies from the Biolt^ical 

laboratory of the Johns Hopkins Unirereity. VoL IV. &-T. 

1886. 8vo. — University Studies in HistJirical and Political 

Science. Yola. Till., IX. 1890-91.— University Oirculan. 

1890-9]. 



Batama. — Magnetical and Meteorological Observatory. Obeerrations. 
Vol. XIL 1889. — Regenwaamemingen in Nederlandech Indie. 
ll'Jaaig. 1888. 8vo. 
Bataviaaach Oenootechap van Emutea en WetenschappeD. Ver- 
handelingen. 6vo. 
VOL. XVIIL 18/1/92 2 F 
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Sofama.— Tijdachrift voor Indische Taal-Land-en yolkenknnde. Deel 
XXKIIL, XXXrV. 1890-91. 8vo. 
Notulen, Deel XXVIII. 1890. 

Eon. Natuurkondig Vereeniging. Natnnrkundig Tijdachrifi voor 
NederlandBch Indie. DL XLIX. 8to. 
ife^ott.— Natural Hbtorr and PhiloBophicol Society. Proceedingt, 



Bergen. — Mueeum's AaMberetning for 1889. 8vo. 

Berlin. — KonigHclie Aiademie der WiaeenBiJiafteii. Abhandlungen, 

1889-90.— SitzuDgsbericbte. 1889-91. 

PbjBikaliache OegellHchaft. Fortubritte der FhTsik im J&hi« 

1883, 188^. l" Abtheil.— Allgemeina Physik, AkuBtik. 2^ 

Abtheil.— Optik, Warmelelire, ElektrieitStalebre. 3* AbtbeiL— 

Physik der Erda Berlin. 8vo.— Verhandlui^en. 1888-89. 

Zeitschrift det Deutecben Meteorologischen QesellsehafL 1889- 

91. Svo. 
PieuniBtihes Metooiologiecliea Institut Ergebnisse der Meteoto- 
logischen Beobacbtungen in Jabien 1888-91. 4to.— Abband- 
lungen. Bd. I., Nos. 1-3. 1890. 
Baa Eiiuigl. Preunische Meteorologiache Inatitut nnd deseen 
Obeervatorium bei Potsdam, von W. von Bezzold. 189a 4ta 
Bern. — Beiti^ zut geologischun Karte der Scbweii. Lief XVI. 1890. 
4to. — From the CammittUm FMirole G^olagiqae. 
NatutTorscbende Oesellechaft Mittbeilungen. Nob. 1216-1284. 
1889-90. 8vo. 
BEnffiabhtrc— Berwicksbire Natnialirts' Club. Proceedings. Vol XII. 

2,3. 1890-91. 8vo. 
BtrmingAam.— Pbiloaopbical Society, Proceedings. VoL VII, 1890, 

8to. 
BD^ofrna.— Accodemia d. Scienze delT Istitnto di Bolojtna. 

Memorie. Ser. IV., Tom. X. 1B89.— Indice Oenenle. 1660-89. 

Galendrier UniveTsel et M^dien Univerael : Bapporte. 1890~-9l, 

Bmnfiay.— Bombay Branch of the Boyal Aaiatic Socie^, Journal. VoL 

XVIII. 1891. 

Magnetical and Meteorolo^cal Observations made at the OcrerD- 

meat Observatory for 1888-89. Bombay. 4to. 
Natural Hiebiry Society, Joarnal. Vole, V., VI. 1890-91. 
£on?i.— Verbandlungen des NatuTfaislorischen Vereines der Pienaaisehen 

Ebeinlaude nnd Westfalena. 1890-91. 8vo. 
Bordeavx. — Soci6t£ dea Sciences Phyeiquca et Naturelles, M^moiiea. 

3* S^r., Tom. IV., V, 1. 1888-89. 
Boribaux, — Soci^t^ de Qdographio Commeraial^ Bolletin. 1890-91, 

8vo. 
Buton.— Boston Society of Natural History, Memoirs. Vol IV. 7-9. 
1890-91. 4to.— Proceedii^ Vol. XXIV. 1888-90, 8vo. 
American Academy of Arts and Sciences, PioceedingB. VoU. 
XXIII.-XXV. 1888-90. 
Brera. — See MHan. 



■ Google 



lseo-91.] Donaiioju to the LUrary. S59 

BntiA Auoeiationfor the AdvancemetU of SeMim.— Report of the Meet- 

bga at Newcastle-on-Tyne, 1889, Leeds, 1890. 
Srunmnet— Verein fiir Nfttarwiagenschaft, JahresbericbL 1887-89. 
BnMeli. — Acad^ie Roynle des Sciences, des Lettreg, eC des Beanz-Arts 
de Belgiqoe, Bolletm. Tomes LIX.-LXL 1890-91. 8vo.— 
M^moires Conronn^ et Autres MSmoires. Tomes XLIII.- 
XLV. 1889-91. — M^moires Couronn^ et U^moires des SaTuits 
Etrengen. Tomes L., LI. 1889-90. 4to.— Biographio Nation- 
ale. Tome XI. 1891. 8vo.— Annaaire. Ann^, 1890-91. 8vo. 
Observatoire Royal, Annnaire. Annies, 1890-91. 8to. 
Soci^U ScientiGqae de Bruzeltes, Annales. Aim^ 1888-89, 

1889-90. 8vo. 
Mnsje Boyal d'Hutniie Katarelle de Belgiqae, Bulletin. Tome 
V. 1. 1888. 8TO. 
j8u(AarH(.— Academia Bomana. Eitraan din Analele, Memorii si Notite. 
Tom. XL, XIL 1889-90.— Also Documents relating to the 
Historj of Ronniania. 1889-91. 
Analele lustitntutui Met«orologic al Bomaniei. Tom. IT. 1888. 
(la French and Roumanian.) 
£tH{a-/V>^— KonigL Ungarische NaturwissenschaftUche Qesellechaft, 
Berichte. Bd. IV.-VII. 1886-90. 
EungoTwn Academy of Scienca. — Memoirs, 1890 ; Bulletins, 1890, 
and other Publications of the Hongarian Academy, or published 
under its auspices. 
MatbematUche and nstnrwissenschaftliche Berichte ans Ungarn. 

Bd. VII. 1889. 
Ungarische Revue. 1890. 
Archffiological BnlletiD. Tom. VIII., IX., X. 
Attnos-Atret.^Analea de la Oficina Meteorologica Argentina. Tom. 
V1I.,VIIL 1889-91. 4to. 
Anales del Mnseo Nacional de Buenos Ayies. Tom. IIL ISSO- 
91. 
GateiUta — AtuUie Sodety of Bm^ —Proceedings. 1889-91. 8vo. — 
Journal (Philology and Natural History). Vols. LIX., LX. 



Indian Afuwum Catalogue of the Mantodea, by J. Wood-3£ason. 

Ft IL 1891. 

Moncgraph of Oriental Cicadidse, by W. L. Distant Pte. IL, III. 
1890-91.— Catalogue of Mammalia. Pt. II. 

Aqai Botame Oardem. — The Species of Picas of the Indian 
Ualayan and Chineae Countries, by George King. Appendix 
I., II. 1889. Fd.— Annals. Vol II. The Species of Arto- 
oaipus indigenous to British India. The Indo-Malayan 
species of Quercus and Caslanopais, by O. King. Fol. 1889. 
— See also Irutian Oooemment. 
Caiifonia. — Academy of Science^ Froceedings. Snd Ser. Vol. II. 
1889. Occasional Papers. Nos. 1, S. 

State Mining Buieau : Annual Reports. 1869-90. 
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CaUfomia. — Univenity of Oalifornia. BnlletiiLB and Biennial Repoiti. 

18T5 et je?.— BepoTta of Agricoltural College. 18S8 d iq.— 

And UiscelUneoiis Pamphlets. 
Lick Observatorr. BeportB on the Total Eclipse of the Sm d 

January 1889, 
Oimirii^.— Philomphical Society, Tiuisactiona. VoL XV. I. 1891. 

4to.— Proceedinga. 1890-91. 8vo. 
Camiridg» (U.S.).— Harvard CJoOt^e.— Museom of Comp«nitive Zoology 

at Harvard College, Annual ReportB. 1388-89, 1889-9a— 

Bulletin. Vela. XVIIl.-XXI. 1889-91. 8vo.— Memoira. 

Vol. XVI., Ko. 3. Geneais of the Arettde, by A. Hyatt. 

1890. 4to.— Vol. XVII., No. 1. The Immature State of 

Odonata. Part 3, Sub-bmilf Cotdnlina, by Lonia Cabot 

1880. 4to. 
BulletinB. Vols. V., VI. 1890-81.— CircnJaw. Vols. VIL, 

VIII. 
Annals of the Astronomical Observatory at Harvard Coll^ 

Vola. XXI. 1, S, XXII., XXIII. 1, XXIV, XXVII., XXX 1. 



Qiauida. — The Royal Society of Canada, Pioceedinfp and TianaactioDB. 
Vola. VIL, VIII. 1889-90. 
Geological Survey of Canada. Reports of Frogrees, 1867-88, 
1888-89. 8vo. Canadian Paleontology, by J. F. Whiteavea 
VoL I. 3, Vol. III. 1. 1891.— Micro-Patoontology of Cambro- 
Silurian Rock& 1883.— -Descriptive Catalogue of Canadian 
Plants. PL 5. Acrogens, by J. Macoon. 1890.— fVom lb 
Gooernmtnt of Iht Dominion. 
Canadian Socie^ of Civil Engineers, Tnnnctions. VoL IV. 
1881. 

OuwI.— Verein for Naturknnde, Berielit. 1868-90. 

Cb(aNia.^Atti dell' Accademia Oioenla di Scienze Natniali Ser. 4', 
Tom. I., II. 1889-90. 4t0. 
Bolletino Mensile. Faa. 11-S2. 1890-91. 

Chapd mu, 2fortJi, CWoftno.— Journal of £. Mitchell ScientiGc Society. 



CWbour;^.— M^moires de la Socidt^ Natiouale dea Sciences Natntellei et 

MathdmatiqueB. Tome XXVI. 1890. 8vo. 
Omdiama. — Norake Qradmalings Eommission. Vandstands-obsem- 
tioner. Hfitte 6, 6, 7. 1887-90. 
Forbandlinger i Videnakabs-Selakabet, 1889-90. 
Jahrbuch dea Norvegiechen Meteorolt^iachen Iqatitnta. 18BB. 
Viridarium Norwegicma. Bd. III. 1889. 4to. 
Den Norske Noidhavs-Eipedition. Zoologi. XIX. Actinida, 
ved D. C. Danielssen. 1890. 4to.— XX. Fycui^nidea, ved 
0. 0. Sam 189L 4to. 
Nyt Mi^azin. Bd. XXXIL 1890-81. 8vo. 
CineiwiaU. — Cincinnati Society of Natural History, Journal. VoL XIIL 
1890-81. 
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dneitauUi. — XTniTereity Observatory. Publicfttiona. No. 10. Micro- 
metrical Meaauremente of Doable Stars. — No. 11. Charta and 
Micrometrieal Ueaanrea of Nebule. 
Cbfonxla.— Scientific Society, Proceedings. Vol. III. 1689. 
Copenhagen, — Mdmoires de I'Acad^mie Royale de Copenh^^e. Claase 
des Sciences. 6' Sirie. Vols. VI. 1, 2 ; VII. 1, 2. 1890-91. 
Oversigt over det Eougelige Danske Videnskabernea Selkabs 

Fordhandlinger. 1S90-91. Svo. 
Vldenskabelige Meddelelser fra NatnrliiBtariik Forening. 1889- 
90. 
Cordttba (RepiAlka Jr^enJjna).— Boletin de la Academia Nacional de 
Ciencias de la Repnblica Argentina. Tom. X. 3. 1890. 
Besultados del Obeervatoiio Nacional Atgentina. Tomo XI. 
Observacionegdel&no 1878.— Tomo XII. ObservacioneadelSno 
1879. 4to. 
CbrnwaU.— Transactions of the Boyal Qeological Society of CorawalL 
VoL XL, PL 4. 1890. 
Journal of tbe Boyal Institution of Cornwall Vol. X. 1890-91. 
CVocDur.— Bulletin International de I'Acaddmie des Sciences. 1890- 

1891. Nos. 1^. 
Jlontsie.— Schriften der Naturforsckenden GeseUschafL Bd. VII. 3, 4. 
1890. — H. CoQweutz. Monographie der Battiscben Bemstein- 
banme. 1890. 4to. 
Brfjl— Annalesdel'^colePolyteclinique. Tomes V., VI., VII. 1. 1889- 

91. 4to. 
Denitm Univtrtity {GnmviUe, Ohio). — Bnlletia of the Scientific 
Laboratories. Vols. I.-V. 1876-90. 
Scientific AMOciation, Memoirs. VoL I., Pt I. 1877. 
Dijon. — M^moires de I'Acadimie des Science^ Aria et fielles-Lettres. 

4"™ S^e. Tome I. 1888-89. 
iJtnpot.— Inaugural DiaBertationB. 1888-90. 

Meteor ologische Beobachtungen. 1889. 8to. 
ZhiiUa. — Royal Irish Academy Proceedinga (Science). Series IIL, VoL L 
1690-91. — Transactions of the Royal Irish Academy (Science). 
Vol. XXIX., Nos. 12-16. 1890-91, 
" Cunningham Memoirs." Nos. B, S. 1890. 
The Scientific Proceedings of the Royal Dublin Society. (New 

Seriea.) Vol*. VL, VII. 1, 8. 1890-91. 
The Scientific Transactions of the Royal Dublin Society. VoL 
IV. 6-8. 1890-91. 
Dundee. — University CoU^e. Studies trom the Hnseum. of Zoology. 
No. 6. 1890. 

EdifihuTgh Transactions of the Royal SooUdah Society of Arts. VoL 

XII. 3, 4. 1890-91. Svo. 
Highland and Agricnltursl Society of Scotland's Tnutaaotions. 

Dth Series. Vols. II., IIL 1890-91. 
Transactions and Proceedings of the Botanical Society. Vda. 
XVIII.-XIX. pp. 1-88. 1891. Svo. 
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Edinhwgh.—Takzrj Board for Scotland, Eightli and Ninth AnntuJ 
Reports. 188»-g0. 
Scottish Geogwpliical Society. Voli. VI., VII. 1890-91. 8to. 
Transactiona of the Edinburgh Geological Society. VoL VL 1, S. 

1890. 870. 
Jounial of the Scottish Ueteorological Society for 1869. 8vo. 
Royal Observatory. Catalogue of the Crawford Libnuy. 1890. 

4to.— Edinbargh Circnlare. Noe. 18~S1. 18fil. 
Proceedings of the Royal Physical Society. Sessions 1888-89, 

1889-90. 6vo. 

Boyal Coll^ of Physicians. Laboratory Reports. Vol. III. 1891. 

Monthly and Quarterly Betnms of the Births, Deaths, and Mat- 

riages registered in Scotland. 1890-91.— JVom tht Segittrar- 

Qtn^roX. 

Ekatherimbourg. — Bulletin de la Soci^t^ Oaralienne d'Amateura des 

Scieoces Naturelles. Tome XII. I. 1890. 
ErJangm Univernty.—lMaganl Dissertations. 1888-90, 1890-91. 

Physicalisch-Medicalische Societat 1889-91. 
EMttJ^eMCTui.— The Journal of (The Essex Naturalist). Vols. IV., V. 

1890-91. 8vo. 
Sua IrutiluU ( I7.S.).— dee Solan. 

fVonifurt-a-M. — Abhandlungen herausgegeben von der Senckenbeig- 

ischen Naturforschenden OesellBcbaft Bd.XVI. 1890-91. 

4to. 

Berichte iiber dieSenckenbergische Naturforschende Gesellschaft 

Bd. for 1889, 1890. Sva 

.PVani^rt-am-Ofer.— Naturwissenschafllicher Terein, Societatum Lit- 

terae. 1889-91.— Helios. Bd. V.-IX. 1888-91. 
C'tntfm. — M^moires de la Soci£t£ de Physique et d'Histoire Naturelle. 

Tomes XXX., PL 2, 1890 ; XXXI. 1, 1890-91. 
Omoa — Annali del Museo Civico di Storia Natnrale. (II Marchess O. 

Doria, Direttore.) Vol VI.-IX 1888-90. 
Ownm.— Berichte der Oberhessischeu Qesellschaft fur Natur- nnd Heil- 
kunde. Bd. XXVII. 1890. 
University Inai^uial Dissertations. 1889-90, 1890-91. 
Ghigow, — Proceedings of the Philosophical Society of Qlasgow. VoL 
XXI. 1889-90. 
Transactions of the Qeological Society of Glasgow. Vol. IX I, 
1888-90. 8to. 
GatlingtTt. — Abhandlungcn der Konigl. Qesellschaft der Wissenschaften. 
Bde. XXXV., XXXVI. 1888-90. 
Nachrichten von der K, GeseUschaft der Wissenschaften nnd der 

Oeorg-Angiistus-Universtat, aus den Jshren 1890. 8to. 
Oelehrte Auzeigen. 1890-91. 
Grax. — Mittheilungen dea Naturwissenscliaftlichen Vereines fiir Steier- 

mark. Jahig. 1888, 1889. 8to. 
Orteitwich Boyal Obiavatory. — Spectroscopic and Photographic Reeults. 
1868,1889. 4ta 
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Grtenmeh Royal ObiervaioTy. — Astronomical, Uagnetieal, &nd Ueteoro- 

l<^cal Observationa. 1S87, 1888. 4to. 
Haarlem.— Archivaa Nferlandusea des Sciences Exactes et Naturelles, 
publidea psf la Socift^ HoUaudaiae i Harlem. Tomes XXIV., 
XXV. 1, 2. 1890-91. 8vo. 
Oenvres Completes de Christian Hardens publiies par la Soci^t^ 
Hollandaise dea Sciences. VoL III, 1890.— From (Ae SoeiM 
EoUandaite det Sdeaeet d Harlem. 
Archives du Mus*e Teyler. Serie II., Vol. III. 3-6. 1890. 
Teyler'B Godgeleerd Genootschap. N. Serie. IE* DeeL 18WI. 
Haiifax {U.S.). — Proceedinga and Trftnsactioos of the Nova Scotian 

Institute of Science. VoL VII. 3, 4. 1888-90. 8vo. 
Halit. — Nova Acta Academin Caesareae Leopold ino-Carolinae Qer- 
maaicse Naturae Cnrioeonun. Tom. LIII., LIV. 1889-90. 
Leopoldina, amtlichea Organ det E. Leopold-Caroliniach- 
DeotMhen Akademie der Natorforacher. Heft XXIV., XXV. 
1888-89. 4to. 
Mittheilnngen des Vereines fiir Erdknnde. 1690-91. Svo. 
ffam&ur^.— AbhaadluDgen aua dem Gebiete der Natarwissen8cIiaften,vom 
NaturwiucuBchaftlichen Veiein. Bd. XI. 1889-91. 
Verein fiit Wiasenschafaiche Unlerhaltung. Bd. VII. 1889-80. 
HtUingfort. — Acta Societatis Scientianim Feonicae. Tom. XVI., XVII. 



Ofversigt af Finska VeUnskaps-Societetens Foihaodliugar. Bd. 

XXX.-XXXII. 1887-90. 8vo. 
Bidr^ til Eannedom af Finlanda Natnc och Folk, atgifna 

af Finska Vetenskapa-Societeteu. Hafte 48-60. 1889-91. 

8vo. 
Acta Societatis pro Fauna et Flora Fennica, Ueddelanden. 1688, 

1889. 
Socidt^ de O^ognphie de Finlande: Fennia. II., III. 1890. 
Hfmglumg Obtervalory. — ObeervationsaiidResearchesdurii^l889~90. FoL 
Indian QovemtMHt, Calealta — Qtological Survey of India. — Recordg. 

VoIh. XXin., XXIV. 1890-91.— Menioira. XXIII., XXIV. 

1890-91.— Paleontolc^ca Indica. Series XIII. Salt Range 

Fossils. Vol. IV. 1, S.— Geological Hesiilta. 1890-91. 
Scientific Memoirs, hj Medical Officers of the Army of India. 

Pta. S-e. 1890-91. 
Land and Freshwater Mollnsca of India, ed. by Lieut-Col. H. H. 

Oodwin-Ansten. Pis. 1-^, and Pktes. London, I88S-87. 4to. 
Catalogue of the Mammalia, Birds and Lepidoptcnius Insects in 

the East India Company's Museum. Three Vols. 1851-59. 
A Catalogue of Maps, Plans, &c., of India and Burma, and other 

Parts of Asia. London, 1891. 4tO, 
A List of the Principal Indian ^Government Publications. 

London, 1891. 4to. 
Ardtaological Survey of India.— ^poite. 1889-90. — Epigrapbia 

Indica. P1&4-7. 1690. 
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/owo.— State Uuivetsity. fiulletm of the Lftborat4»k« of Natural 

History. VoU I., II. 1. 1890. 
Japan.— Tronsactioiu of the Seiamological Society. Vols. XIV., XV. 
IBOO. 
Journal of the CoU^e of Science of the Uuiveraity of Tokio. 

Vok. III., IV. 1. 1890-91. 
Mittheilungen aus der MediciniBchen Facultiit der Eaiserlich- 

JapanucheD UniveraitaL 1890. 8to. 
Uittheilungen der deutschen Qeaelbchaft for Nntni- nitd Vol- 
kerkunde Ostasiena lu Yokohama. Hft. XL.-XLVI. 1890-91. 
J«na.— Jenaische Zeitschrift fur Naturwisseoachaft, hetausgeben von der 
Medicinish-NaturvissetiHchafclichei] GeseUschaftzu Jena. Bde. 
XXIV.-XXVL 1, 2. 1890-91. 
Kid. — SchriTten der Univeratat zu EieL Inaugural University Diaser- 
tatioM. 1889-90, 1890-91. 
ComnuBsion tat Wiwenschafttichen Unteisachatig der Deutachen 

Meere. BerichU. 4«-6". 1877-89. 
EigebniBBe der Beohachtungwtationen. I8T3-90. 
Atlaa Deiitscher Meereaalgen. Heft 1, S. 1889-91. 
Kiev Vniverrity. — Univenitetskiya Isvyaiitiya. XXX., XXXI. 

1890-91. 
LaVKtmu. — Bulletin de la Socidt^ Vandoise dea Scieoces Natoiellea. 

3* Sine. XXV. 1890-91. 

Leedt. — Pbiloaophical and Literary Society Beporta. 1889-91. Bvo. 

Leipzig.— B^ichle iiber die Verhandlungen der Eooigl. Sachsiachen 

OeaeUschaft der Wiaaenschaften. Math. Fhya. Clawe. 1890-91. 

1, 3.— Philologiech-HiatoriBche Claase. 1890-1891. 1. 8vo. 

AbhandlungenderM8tb.-Phy8.ClMBe. Bd. XVI., XVII. 1890- 

91.— Phil. Hiat Clawe. Bd. XII. 1890. 8to. 
Ftirstlich Jablonowaki'sche QeaeUachaft. Preiaechriften. XXVII., 

1889 ! XXVIII., 1890. 
SitEUDgjberichte der Naturfoicfhenden Geselhichaft 1888-90. 
X«j{i[{«n.'— NederlaiLdsche Dierkundige Vereenigings Tijdacbrift. 1890. 

Sternwarte. Aanalen. Bde. V., VI. 1890. 
LiOe-SaeiHA Gdolt^que da Nord. Annalea XVI. 1888-89. 8to. 
Mdmoirea. Tomes I, 1, 2, 3. H. I., III. I876-fl9. 
Socidt^ Odologiijae du Nord. Eaqniaae Qdologique du Nord de la 

France. Faac 1-3. 1880-«3. 
TJuiveraitii de Fnmce. Travaux et Udmoires. Tom. I., II. 1869- 
91. 
iitMiyoot- Biological Society. Vol*. IV., V. 1889-91. 

Literary and Philosophical Society Proceedinge. Vols. XLIL- 
XLIII. 1887-89. 
Lu&on.— Boletin da Bociedade de Geographia. 1890-91. 
London. — Proceedings of the Society of Antiquaries. VoL XIII. 1890- 
91. 
Archicologia ; or MiBcellaneoua Tracta relating to Antjqoi^. 
Vol LII.. Pts. 1, 8. 1890. 4ta 
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London.— iaoioaX of the Anthropological Iiutitate of Qreat Britain and 

Ireland. VoL XX. 1891. 8to. 
Jonmol of the Society of Arte. 1890-91. 8to. 
Nautical Almanac and Aatronomical Ephemeris for the Tear 

WH.—Frcm tA« Lord* of the AdmiraUy. 
Monthly Notices of the Royal Astronomical Society. VoL LI. 

1890. Sro. — Memoirs of the fioyal Aatronomical Society. 

VoL XLIX 2. 1890. 4to. 
Joortul and Abatracta of Proceedings of the Chemical Society. 

1890-91. 8ro. 
Joomal of the Society of Chemical Indostry. 1890-91. 
Transactions of the Clinical Society of London. Vols. XXIII., 

XXIV. 1889-81. 
Minutes of Proceedings of the Inatitntion of CivO Engineers. 

Vols. XCVIII.-CVL 1890-81. 8vo. 
Engineering Education in the British Dominions. 1891. 8to. 
Institution of Mechanical EogineeiB, Proceedings. 1690-91. 8vo. 
Proceedings of the Koyal Qeographical Society. New Series. 

Vols. XII, XIII. 1890-91. 
Quarterly Journal of the Geological Society. Vols, XLVI., 

XLVIL 1890-91— Abstracts. 1890-91. 
Proceedings of the Qeologiste' Association. VoL XII. 3, 4. 1890- 

91. 
Horticultural Society, JoumaL Vols. IX.-XIII. 1887-91. 
Journal of the East Indian Association. VoL XXII. 188T-88. 

8T0. 
Journal of the Linnean Society. — Zoology. VoL XXIII. 

1890-91.— Botany. Vols. XXVII.-XXIX. 1890-91. 8vo.— 

Proceedings. 1887-88. 
Transactions of the Linnean Society. Second Series.— Botany. 

VoL III. 2, 3. 1891.— Zoology. VoL V. 4-7. 1890-91. 

4to. 
Soyal Society of Liteiatuie, Trvisactions. Vols. XIIL, XIV. 
Proceedings of the London Mathematical Sode^. Vols. XXI., 

XXIL 1890-91. 8va 
Medical and Chinu^oal Transactions published by thcr Koyal 

Medical and Cfainugioal Society. Vols. LXXII, LXXIII. 

1689-90. Sto. 
Boyai MtUonlogK^ Soeidy. — The Heteorologieal Record: 

Monthly Betunis of Obeervations made at the Stations of the 

Meteorological Society. Nos. 36-40. I890-B1. 
Quarterly Journal of the Meteorological Society. Vols. XVI., 

XVII. 1890-91. 
MtUoTologieal Office. — Seport of the Meteorological Council to the 
Royal Society. Reporta for Yeare ending 31st March 
1869, 1890. 
Qoarterly Weather Report of the Meteorological Office 
for 1880. New Series. 4lo. 
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London — 

Meteorological Office.— iieteotoloffc^ Obserratioiia &t Stationa of 
Second Order for 1886-87. 4ta 
Honrlj Reading*. 1887. 

Weekly Weather Heporta. Vole. VII., VIII. 1890-91. 
Meteorological Obeerrattons made at Sancbes {Samana 
Bay), St Domingo, 1886-88, by W. Reid, M.D. 
1890. 4to. 
Daily Weather Charto to Illustrate the Tiacka of two 

Cyclones in the Arabian Sea. 1891. 4to. 
Cyclone Trscka in the South. 
Indian Ocean. 1891. FoL 

Ueteorolt^cal Charta of the Portion of the Indian Ocean 
Adjacent to Ctipe GuanUfoi and Bob Haf^ 1891. 
FoL 
Journal of the Royal Microscopical Society, conbuning its 

TraneactionB and Froeeedinga. New Series. 1890-91. Srei. 
The Mineralogical Magazine and Journal of the Mineialogical 
Society of Qieat Britain and Ireland. Nob. 41-43. 1890-91. 
8to. 
BritiA Muteam. — Catalogue of Fossil Reptilia and Amphibia, 
by Ricbarf Lydekker. Parts III., IV. 1890-91. 
Catalogues : — Birds (Passeriforaies). XIII. Stnmi- 
formes. 1890.— XV. Tracheophonte. Sto. 1890:— 
Picaria Scansores. 8to. 1890.— Fossil Fishes. Pt 
IL 1891.— FosMl Cephfttopoda. Pt II. 1891.— Fossil 
Birds. 1891.— British Oligoeene and Eocene Mollusca. 
8to. 1691. — Illustrations of Lepidopteia Heterocersi. 
PtVIIL 1891. 4to. 
I^tholi^cal Society, Transactions. Vok XL., XLI. 1689-90. 
PhUological Society, Transactions. 1888-89. i, 3. 
Pharmaceutical Society, JonmaL 1890-91. 
PhiloeophicalTraDBactionB of the Royal Society. Vols.CLXXX., 
CLXXXI. lesa-W. 4to.— Proceedings of the Royal Society. 
Vols. XLVH.-XLIX. 1890-91. Svo. 
Proceedings of the Royal Institution of Great Britain. 1890-91. 
Journal of tha Statistical Society. Vols. LIIL, LIV. 1890-91. 

Sfo. 
Transactions of Ibe Zoological Society of London. Vol. SIII., 
Noe. 1-a 1891. 4to.— Proceedings for the Years 1890-91. 
evo. 
Xouvatn. — University Publications daring 1890~91. 
Lund. — Acta Universitatis Lundenais. Matheniatik och Natnrvetenskap. 
Tom. XXV. 1888-89.— TheologL Torn. XXV. 1888-89.— 
Medecina. Tom. XXV. 1889-9a — Riilosoplii, Ac. Tom. 
XXV., XXVI. 168S-90. 
LVOTw.— Mns^e Quimet Annalea. Tomes XV.-XVIL 1889.— Revue 
de 1'Histoire dee Religions. Tomes XX.-XXII. 1890-91. 
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iSadnu. — Obaervab^. Meteorolt^cal and Maguetical Obserratioiu, 

i86e-7a leao. 4to. 

Madrid. — Memoriaa de la Comin6a del Hapa Oeoli^co de EepaSa. 
Tom. IL Provincia de Soria. 1890. 4to. 
Boletia de la ComiBidn del Hapa Qeologico de Eapaiia. Tom. 
XVI. 1889.— JVwm tte GommMtitM. 
Jtfa»idkM(er,— Tranaactiona of the Uancheeter Qeolt^oal Societf. ToL 
XXI, 1890-91. 
Literary and Fhiloeophical Society, Hemoira and Proceedings. 

(N.a) Vole. III., IV. 1890-91. 
Microscopical Society, Transactioiu. 1889-90. 
iUannUff.— Bolletin de la Socidt^ ScientiBqne Industrielle. 1S90-91. 
Maieo. — Sociedad cientifiea " Antonio Alzate." Uemoriaa. Tomoe III., 
IV. 1890-81. 
Obeerratorio Meteorologico-Magnetico CentraL Boletin Uen- 



Miian. — Iteale Istitnfai di Scienze e Lettere. Memorie : ClaMe di 

ScieDie Mat e Nat Vol. XVL S. 1889.— Clasae di Lettere e 

Scienze Moiali e Folitiche. VoL XVIII. 3. 1690. 
Bendiconti. XXI., XXIT. 1688-89. 
Atti della Society Italiana di Bcienze Natniali. YoL XXXI. 

1888-89. 8to. 
FubblicaiionidelRealeOaservatoriodiBrerainMJlaiio. XXX VI., 

XXX VIL 1890. 4ta 
iftnn^aobt.— Qeologieal and Natoral History Snirey. Annual Reports, 

6tli-16th. 1876-88.— Bnlletina. Noe. 1-6. 1890-91. 
ifodeno.— Hemorie della B^ia Accademia di Scienze Lettere ed Arti. 

Ser. II., Vol. VII. 1890. 4to. 
ifonfno:.— Natural History Socie^, Proceedings. VoL IV. 1690-91. 

8yo. 
JVtMKA. — Abbandlnnften der k. Bayeriechen Akademie der Wissen- 

scliaften der UathematiKh-Pbysikalischen Classe. Bd. XVII. 

1,^ 1890-91.- PhUoeophiach-PhilologiMbeClasse. Bd. XIX. 

1. 1891.— Historiache Clasae. Bd.XIX.I,2. 1890.— Sitzungs- 

berichte der Mathematisch-Physikalischen ClaHse der K. B. 

AkademiederWissenscliaften. 1890-91. — Sitmngsberichte der 

Fhiloaophiech-PhiJoL und der Hiatoriechen Classe. 1880-91. 
reatreden. 1869-90. 
.ffopiML— Rend icon ti della R. Accademia delle Scienze Fiaicbe e Mate- 

maliche. VoU. III., IV. 1889-90. 4to. 
Hittheilungen ans der Zoologischen Station za Neapel Bd. X. 

1. 1890. 8to. 
J>re6nMto.— Univereity Studies. VoL I. 3. 1890. 
Newhavm {Conn. t/.S.).— Astronomical Observatory of Yale tTnivendty, 

Transactions. VoL I, Part II. 1889. 
New Yorfc— State Library. Annual Reports, 67tli-72nd. 1884-89. 

— Natntal History of Kew York. MKontoIc^. Vols. V. B, 

VI., VII. 1886-68.— Annual Reports of the State University, 
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NtwYork— 

78th to 103rd. I88&-90.— State Museum. BuUetiii& Yok I., 

II. 18e7-9a 
Bulletin of the American Mosenm of Nstaral History. Yola. 

II., III. 1880-91. 
American Geographical Societ;. Yok. XXII., XXIII. 1893-91. 

8vo. 
-A^t^me^m.^NederlaudBch Krnidkundig Archief. — Yeialt^pn en Uede- 

deelingen der Nederlandsche BotuuKhe Yeieeniging. 2* Serie- 
s' Deel. Stuk 4 18S1. 
Oberpfaia wnd Bejwwtwrj.— Yerhandlimgen des hialorischeii Yereinee, 

Bd. XLtll., XLIY. 1889-91. 8vo. 
Oieua.^NovoroHBiiHkBgo Obehestva Estestvoispnitatelei ZapiakL XT. 

1, 2. 1890.— Zapiaki Matematicheakago Otdfeleniya. Tome 

XI. ]890. 
Oxford. — Results of Aatronomical ObBerrationa at the Badcliffe ObHerra- 

tory. XUY. 1886. 
Faitrmo. — Hortua Botanicua Panormitonns. Tom. II. Fasc. 6-4. 1690- 

91. 
Society di Scienze Natntali ed Economiche, Qiornale. YoL XX. 

1890.— BoUetiaa 1891. Nob. 1-3. 
ParU. — Comptes Bendua des S^nces de I'Acad^niie des Sciences. 1890- 

91. 4ta 
OeuTTes completes d'Aaguetin Cauchj, pnhli^ sou* la Diiectioa 

de I'Acaddmie. 2* Sdrie. Tome VIL, YIIl. 1889-90. 
OeDTiee completes de Idp1ac«, publi^ee sons la Direction de 

I'Acad^mie. TomeVIll. 1891. 
Lois et lUiglements, I63&-1S89. Fondationa. 
Reunion du Comit^ International Permanent ponr rexecntitm 

de la Carte Photographique du Ciel. 1891. 4ta 
Comptes Bendua de I'Acad^mie des InacriptionH et Belleft-LettreB, 

Tom. XVni., XIX. 1890-91. 8vo. 
Bulletins de la Soci^t^ d'Anthrapoli^ie. 4* S&ria. Tome L \-Z. 

1890-91.- Mimoirea. Tome IV. 2. 1691. 
Annales de I'^fecole Noimole Sup^iienre. 3* S^iie. Tomes YII. 

YIIL 1890-91. 
Annales des Mines. 1690-91. 
SocMt^ Nationale des Antiqnaires. M^mmres. XLIX. 1688. — 

BulUtin. 1888. 
Bulletins dee Stances de la Soci^t^ Nationale d'Agricnlture de 

France. 1890-91. 8va— Mimoiies. Tome CXXXIII. 189a 
Soci^t^ de GSographie. Bulletins. 1890-91.— Comptes Rendua. 

1890-91. 
Stxa.HA Acad^miqae Indo-Chinoise de France. H^oires. Tome 

I. 1877-78.— Bulletin. 2* Sitie. Tome II. 1883-83. 
Soci^t^ G^ologique de France. Bulletins. 3* S^e. Tomes 

SYIIZ., XIX 1890-Sl. 8vo.— M^moires. 3* Sine. Tome 

Y. 2, 1890 (Pal£<»itologie), Tome I. 1-3. 
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Porii.— Annales Hjdrographiquea. 1890-91. 8to. 
Pablicationa da D^pot de la Marioe. 1890-91. 
L'Obiervatoire. — Bapport Annuel sut I'^t de rObeervatoire de 

Tttit, pai M. le Conlxe-amiral Monche^ poar I'Annds 1889- 

00.— dWlei. 188a— M^moira. XIX. 1889. 
Journal de I'^oole Polytechnique. &8, 59 Cahiem 1889. 
Bolletinsde la Soci^t^ M&th£matiqae de France. Tomes XYIII., 

XIX. 1890-91. 8vo. 
Ministeie de I'Inatruction Publiqne. Dictiannaire de I'Ancienne 

Langne Fran^be at de tous tea Dialectes du IX* an XV* Siide. 

Par Fi^d^ric Godefroy. Faic 54-61. Paris. 4to. 
Museum d'Histoire Natnrelle. Nonvelles AicbiTes. 3™ S^rie. 

Tomes I., II. 1. 1890. 
SociSt^ Fran^aise de Fhjsiqae. S^nces, 1890-91.— Collection de 

MSmoires relatifs & la Fhjsiqn& Tonke V. 1891. 8vo. 
Soci6t6 Fbilomathiqne. Bulletjn. 8* S^e. Tomes I., 11., III. 

1-3. 1890-91.— Comptes Rendns. 1890-91. 
Feuillea dea Jeimee Naturolistes. Nob. 83S-S63. 1890-91. 
Bnlletin de la Soci^t^ des Etudes Scientitiqnes. 1890. 
Sociiti Zoologiqne. Bulletin. XV., XVL 1890-81.— Mimoiies. 

Tomee II., III. 1890-91. 
Cougrts International deZooIogie. CompteBendo. 1* Session. 

1869. 
Pemuyhania — Oeologieal Sunxy.— Annual report for 1887. — Northern 

Anthracite Coal-Field£, 6.— Eastern Middle Anthracite Coal- 

Fielda, Atlas, Pt 3.— Dictionary of FossilB. VoL I. 8, a— 

Soathem Anthracite Field, Atlas, S, a~Oil and Qas Fields of 

Western Penn., Soath Mountain Sheets. 
FIMadetphia. — American Fhilosophiool Society for Fromotii^ Useful 

Knowledge, Proceedings. Noa. 130-136. I890-S1. 8va— 

TransactJons. Vol. XVI. 3. 1890. 4to. 
Proceedings of the Academy of Natural Scienoea for 1890. 
W^nei Free Institute of Science, Treosactioiis. Vol. III. 1890. 
Plynioiith. — Marine Biological Association, Journal. ToL II. 1, S. 1891. 
PmiUoMt.— Nicolai-Hanptstemwarte. Johiesbericlit fiir 1887-89. 8vo. 
Observations. Vol. VIII.— Catalogue d'£toUes,deduilBdes Obser- 
vations pnbli^ dons les. Vols. VI. et VII., Snpplemente II., 

HI. 1889-91.— Stem Ephemeriden. 1890-91. 
iVc^iis, — Astroaomische, Magnetiache^ nnd Meteorolt^sclie Beobach- 

tnngen an der K. K. Stemworte zu Frag., in 1889-90. 
Abhandlungen der K. Bohmische GeseUschaf L Phil. Hiat. Claase. 

Bd. III. 1889-90.— Math. Natnrw. Clasee. Bd. III. 1889-90. 

— SitiungBberichte. 1889-aO.— Jahresberieht, 1889-90. 
Qwoutantf.— Qneenaland Branch of the Boyal Geognphical Society of 

Australoaia. Vols. V., VI. 1889-91. 
Observatory. Sammaries of Bainfoll, Meteorological Synopsis, 

&c 1889-80.- Weather Obarta, by C. L. Wragge, Briabane. 

1889-90. 
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Rio de J'anAro.—L'Obaervatoire. Revista, 1890.~Aimal«8. Tome lY. 

1890. 
I°'OlMeiTatorio Meteorologico da Reparticao dos TelegiapliM do 

Brazil. Boletin Menaace. Y0I& l.~III. 188S~SS. 
Museo Nacional. Archivoa. Vol. VII. 1887. 
ifomc— Atti della R. Accademia dei Lincei. RendicontL 1890-91.— 

Memorie. .Claaae di Science Mor. Btoriche et FiloL Serie IV, 

Tom. III.-IX. 1888-91,— CksBB di Soienze Fiaicha e NHtnrJL 

Serie IV., Tom. V. 1888. 
MemoriedellaSocietidegliSpettToscoputillaliftm. 1800-91. Bro. 
Accadetnia Ponteflcia dei Lincei. Atti, anno XLII., XIIII. 

1890-91.— Memorie, VoIb. V., VI. 1889-90. 8vo. 
Society Italiana d. Sdenze (detta dei XL.}. Memone. Tomo 

VII. 1890. 
R. Comitato Geologico. BoUetino. XXI, 189L— Memorie 

descrittisB della carta Geologioa. V., VI.. 1890-91. 
Rauidea Oiwrnratm^.— Meteorological ObBervationa for 1889. 
St Pdenburg. — Acad^mie Imperials des Sciences. BuUetini. H& 

Tomea I., II. 1890-91.— MSmoirea. Tomea XXXVIL, 

XXXVIII. 1890-91. 
Journal Busskago Phiaico-Chimicheakago ObtecheBtva. Tom. 

XXIL, XXIII. 1890-91. 870. 
Otcbet Imperatonkago Rusak^o Geographicheskago ObtsclieatTa. 

1889. 8vo. 
Beobachtungen der Russitchen Polarastationen aof Nowajt 

Semlja. Thdl I. UagnetiacUe Beobacbtongen. 1890. 4lo. 
Aonalen dea Fhyaicaliachen Central- Obeerratorinma. Jihtg. 



ComiW Giok^qoe. Bulletins. VoU VIIL, IX. 18W-9a- 
M^rooirea. Vole. VIII.-XI. 1888-90. 4to. 

Scmtia^. — Deutacher Wiaaenachaftlicher Terein. Verhandlongen. Bl 
II. 1889-90. 

SloelAoUii—Kcmg. VOetuhipi Xfax&nMen.— Ofveraigt VoU. XLI.-XLV. 
1884-S8.— Handliiigar, Bde. XX, XXI. ie8S-8e,~BiIuui|i 
til Handlingar, Bde. IX.-XIIL 1884-68.— Lefhadtt«k- 
ningar. Bde. II. 166S.— Heteorologiska Jakttagalser. Bda 
XX II.- XXVI. 1880-84. 
Observatorium. AetronoiiiiBka Jaktt^claer. Bde, III. 1886. 

Strasbourg UniveriUy. — Inaugaml BiBSertationa. 1888-89, 1890. 

Stuttgart. — Jabreahefta dea Vereina fiit vaterlaadiache Natnrknnde in 
Wurttemberg. Jahrg. 1890-91. 

StoitterlatKL—Hloaveaxix. M^moirea da la SocidU Eelvdtlque des Sdeiicea 
Naturellee. Band XXX. 2, XXXI., XXXII. 2. 189a 
CompteB Rendua et Actea de la 3ocidt£ Helv^tique dea Sciesen 
Naturellea, i^unie k Ltigano, 1889, et Ji Daroa, 1891. 
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iSmtstfiottii— Daa Schweizerische Dreiecknetz. Bd. V. 1B90. 
SlKbi^.— The Proeeedinga of the Linnean Societ; of New South Wales. 

Second Series. Vols. IT., V. 1890-91. 8vo. 
Jonnial and Proceedinga of the Rojol Society of New South Wales. 

Vols. XXIII., XXIV. 1889-90. 8vo. 
Austnlian Museum. Hemoin. No. S.— Rwocds. YoL I. 

Nos. 1-9. 1890-91.— Catalogued 1887-89. 
Department of Mines. Memoirs (Palceonlologj). Nos. 3~8. 

1890-91.— Becoids. Vols. I., II. 1889-91.— Amiual Report 

1890. 
^euiatfo. — Obseivatorio Astronomico. Annuario 1890-91.— Boletin. 

Tome I. Nos. 1-6. 
TamMKia. — Boyal Society, Proceedings. 1889. 8vo. 
nFomlVnk— Kgl. NoTske Tidenskabers Selskab. Skrifler. 1870-87. 
Tifiu. — Magnetiscbe nnd MeteoioIogiBche Beobachtungen. 1887-89. 
Toronto, — Canadian Institute. Canadian Journal and Proceedings. N.S. 

Vol. VII, 1890. 8to.— Transactions. Vol I. 1, 2. 1890-91. 

Tovlouie. — Acad^mie dea Sciences. Mdmoires. 9*S^e. Tom. L, II. 

1889-90. 
Faculty des Sciences. Annales. Tom. III., IV. 1889-91. 
Trenfea.— Journal of the Natural History Society. 1889. 
jVtMte.— Moseo Civico di Storia Natumli, AttL Vi^ VII., VIII. 

1884-90. 
TrvnvtS. — Tronud Moaenm : Aushefter. Na XIII. 1890. 
TiJnngm UniMFnty.—Inangural Dissertations. 1888-90. 
Turin. — Reale Accademia delle Scienze di Torino, llemorie. Serie 

Seconda. Tom.XL^XLL 1890-91. 4to.— Atti. Vols. XXV., 

IXVI. 1889-91. 
Bolletino dell' Osservatorio della Re^ Universili di Tonua 

Anno 1886-90. 
Bolletino di Zoologia ed Anatomia Comporata della Univenitlt 

diTOTino. VoLV. 1890-91. 
Vfiaia. — Bulletin H^t^rologique Measuel de robservatoire de 

rUnirersit^ d'UpsaL Vols. XXI., XXII. 1889-90. 4to. 
Nora Acta Begim Societatis Scientiamm Upealiensis. Ser. 3*, 

Vol XIV, 1890-91. 
TJuivendty. Arsskrift. 1861-1890. — Inaugoral Dissertations 

(Medicul and ScientiRcX 1860-1891. 
[ftrwU.— Verslag van het Verhandelde in de Prorinciaal Utrechtscli 

Oenootschap Tan Kunsten en Wetenschappen. 1689-90. — 

Aanteekeningen van het Provinciaal Utrechtsch Genootschqt. 

1889-90. 8T0.— Prize E««iya. 1889-90. 
rimiw. — Atti del Beale Istltuto Veneto di Scienze, Lettere ed Arti. 

8er. VII., Tom. I. 1889-90. 
Vietona—Bo^ Soeidy of FMtorM.— Proceedings. N.S. VoL II. 169a 
Natnial History of Victoria Prodtomns of the Zoolofty of 

Victoria. Decades 18-20. 1889-90.— JVvm tht Oovtnaittiit. 
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Fictorto.— Victoiian Year-Book for 1889-90. 

Pwtmii.^DeBkschrifteii der EttU. Akodemie der WiBsentchafteii. Hath.- 
Natanriasenschaftliche Clawe. Bde.PLVL, LTII, 1889-80.— 
PhUoBOiduBcb-Historiaclie Clane. Bde. XXXVII, XXXIS. 



Sitzangaberichte der Math.-NatarwisBenBchaftliclieneii Clane. 

Bde. XCVIII.-XCIX. 1889-90.— Philoaoph.-HistoriBdieClaBW. 

Bde. CXIX.-CXXIII. 1889-90. 
Almanimh der K. Akademie dei Wueengciuiften. 1890. Sro. 
Prahistorische ConunusioiL Bd. I. No. 2. 1890. 
Jahrbficher der K. E. CeDtral-AnBtalt fiii Meteorolo^ nnd 

Erdmagnelismiu, Neue Folge ; fiir 1S88, 1889. 4to. 
yerhandluugen dei E. E. Q^doguchea Keichsaiutalt. 1890-91. 
Abhandlnngen der E. E. Qeologiwlieu BeichaoiLitalL Bd. XIII.- 

XV. 1890-91. 
Jahrbiicher dei E. E. Oeologiwheii SeicluaiiBtalt. Bd«. 

XL. 1890-91. 
Verhandliuigen der E. E. ZoologiBch-Botauischen OeaellachafL 

Bde. XL, XLI. 1890-91. 
Amuden dei E. £. Natuihutoiuchen-Ho&uTiseDins. Bde. V. 

VL 1890-91. 
Arbdten aua dem Zoologischen Institute- Tom. IX. 1891. 
E. K. QrsdmegBimgB-BnreBU. ABtronomiscbe Arbeiten. Bde. L tl. 
Vw^iwi Univenity. — Annals of Matheimitica. Vol. VL 1890-91. 

M'Cormick Observatoir. VoL I. 4, 6. 1889-90. 
Washington. — National Academy of Sciences. Uemoiis. Vol. IV. 

a. 1880. 
Attronomical Papers (tf the American Epbemeria and Kaatical 

Almanac. VoL II. S, and VoL IV. 1S90. 
Signal Beirioe OCBce.— Bepoita of Chief Signal Officer. 1869-91. 

8to. — Bibliognpby of Meteorology. Parte 3, 4. 1891. 
Serenth to Ninth Annual Bepwta of the United States Qeological 

Surrey. 1885-88. Sto. 
Borean of Ethnology. Fifth and Sixth Annual Beporta. 1883-81, 



U.S. National Mawran. Bulletin. Nob. 38 and 39. 1890-91.— 

Proceedings. Vols. XII-XTV. 1890-91. 
U.S. Naval Obeervstoty. Obeervationi. 1884-85.— Reports, 1889, 

1890. 
U.S. Deparbnentof Agiicnltnie. (Division of Economic Ornitho- 
logy and Mammalogy.) Noith American Fanna. Nos. 1*4. 

1890-91.— Bulletin. No. 1. 1889. 
United States Geological Survey. Monograph!. Vola L, 

XIII.-XVI. 1887-1890— Bulletin& 1890-91. 8to.— Minval 

Beeonrcei. 1888. 
Reports of the Superintendent of the United Statee Coast Oeodetic 

Survey during 1888 and 1889.— Bnllotin& Noe. 14^4. 1890- 
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WaAin^im. — United Stotea Commiuioa of Fish and FiaherieB. Bepoit. 
IB8&— Bulletin. VII., VIII. 1887-88. Sva 
Smithaoniaa Misoelluieoua Collectioiu. ToL XXXIY. 1891. 

8vo. 
SmitbsoiiiAn Contributiona to Knowledge. VoL XXVL 1880. 
Smithsomui BeporU for 1887-89. Syo. 

Index to Gat&lc^e of the Library of Suigeoa-Oenenl'a Office. 
VoL XI. 1890. 4ta 
n'eUMjton. — TnoMctions and Proceedings of the New Zealand Institute. 
Vols. XXII., XXIII. 1B90. 
Colonial Moseum and Geological Survey. Twenty-Foarth and 
Twentj.Fifth Annual Beports. 1888-90.— Iteports of Geolo^cal 
Eiplomtions (Xew Zealand) daring 1888-89, with Mapa and 
Sections. Bvo.— And other Publications of the Maseom. 
Studies inZoology for New Zealand Students. No. 4. 1890. 
Statistiea of New Zealand. 1888-89. 
Tarkand Minion, Coleoptera. Pp. 1-79. 1891. 
Wimmiin )7ttiti«rnty.~Watbbum Observatory. Obaervations. VI^ TIL 

1890-91. 
FbrMtrv.— Geological and Polytechnic Society, VoL XL S, 3. 1890--91. 

Philoaphical Society. 1889-9a 
Zvridi. — Amuden dei Schweizerichen Meteorologiscben Cential-Anstalt 
fUilS8& 
Natnrfonchende Geaellschaft. Vierteljahroaehrift Jahig. 34-36. 
1890-91. 



II. DONATIONH FBOU AUTHOBB TO THE LiBKAEI Or TBI SotAL 

SociETi Duaitia 1890. 

Backhouae (T. W.), F.R.A.S. Publications of West Hendon House 

Observatory, Snoderland. No. 1. The Stiuctuie of the Sidereal 

Univene. Sunderland, 1891. 4to. 
Bergbohm (Dr Julius). Neue Rechnungsmethodea der hobem Mathe- 

matitc. Stuttgart, 1891. 6to. 
Dalgleiab (W. Scott). The Cruise of the Royal Mail Steamer " Dunottar 

Castle " round Scotland on her Trial Trip. Edinburgh, 189a 

Sto. — From Sir Dotiald Omrie. 
FiBser (CoL A. T.). Darkness and Light in the Land of EgypL 

London, 1891. 8va. 
Qulland (G. Lorell), M.D. The Development of Adenoid Tissne, with 

Spedal Beference to the Tonsil and Tbymua. (IaI). Beporta, 

B.C.P.E.) Edinbu^h, 1891. 8»o. 
Haeekel (Ernst). Anthropogenie, oder Entwickelungsgeschichte dea 

Henschen : Keimea- nnd Stammes-geschichte. — Theil t, Keimea- 

geacbichte.— Theil IL Stammesgeaehichte. Leipzig, 1891. 8to. 
Hale (George E.}, B.Sc The Ultra-Violet Spectrum of the Sobr 

Prominencea. London, 1881. 8vo. 
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Hana (Dr Jnlitu). Die VeraDdeilich^t der TempeiatOT ia OatansidL 
Wien, 1891. 4to. 

Liiuteaj {Bev. Jamea), M.A., Ac. Notes on the Geology of Aynhiic 
Gb^w, 1890. 8T0. 

Some Basic Dfkes in Aynhire. Ola^w, 1891. &i^ 

M'Call (Hardf Bertram), F.5X Scot Some Old Funiliw: 4 Contri- 
bution to the Qenealogical HistoTy of ScotUnd. Binnii^WB, 

1890, 4ta. 

Marie (M. Muimilien). Note inr nn MSmoiie de M. Henn Vtmmi 
relatif BUI B^dus des tnt^^ee Doubles. Fans, 1891. 8vo. 

Uuuro (Robert), U.D. The Lake-Dfrelliugs of Eoiope : being the 
Rhind Lectures on Arclueolagy for 1888l London, 1890. 8to. 

Philip (R. W.\ U.D. Pnlfflonary TabercoloflU : Etidogicol and That- 
peutic. Based on an ExperimenlAl Investigation. Edintinigb, 

1891. 8to. 

Botnanes (John). Some Thoii{^ on Subjects AatnmomicaL Edin- 
burgh, 1890. 8vo. 

The same. Second Edition, with Notes. Edinbnigh, 1891. Sn. 

SaWTer (Sir James), U.D. Contributions to FiacHcal Medicine. SmouI 
Edition, Birmingham, 1891. 8vo. 

Scrymgour (E, P.), B.A. Hf^l's Philosophical PoeiUon, with other 
Two Essays on the Real Essence of Religion, and on Dasira and 
Will. London, 1891. Sm 
' Perception and Conception, and Cause and Fenonali^. Two 

Essaja. London, 1389. 8vo. 

leny (James). Sculptured Anthropoid Ape Heads. New YoA, 1891. 
4to. 
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OBITUARY NOTICES. 



Archibald Campbell Swinton of Kimmerg'batBe. B7 
The Bight Hon. Lord Monoreiff of Tolliebole. 

I am deBirons of placing oa tlie lecorda of the Bojal Society, ia 
the shape of an obituary notice, a elendec memoiial of a vei; eaxlj, 
a veiy constant, and a very dietinguiebed friend, who at bis death, 
on the 27th Kovember of last year, was one of the oldest membera 
of this Society. The sabject of my memoir is the late Mr Archibald 
Campbell Swinton of Kimmeighame, who was admitted a member 
in 1S44, and died in his 76th year. He was possessed of a character 
and abilitiee whii^ although not convenant with mnch public dia- 
play, were not only of solid power, but of &e more ethereal element, 
and which, had his soiroundings required or prompted, might have 
raised him to great eminence. It may truly be sfud of him, thou^ 
the saying is commonplace, that he touched nothing in his loiif^ 
busy, and nsefnl life which be did not adorn. Perhaps eaae, by 
itself, may have tended to repress the genial current of hia soul, as 
for the hut five and twenty years of his life the position of an 
active, cultured, and energetic country gentleman was tliat which 
fate had prepared for him ; but he bad a buoyancy and vivacity 
of intelligence which would have lighted up the most common* 
ptoce occupation, and would have asserted itaelf in the dingiest of 



He came of an ancient and hononrahle house, who were territorial 
magnates in the south of Scotland through many centnries, and are 
mentioned as having taken part in many public events in a work sub- 
stantially compiled by the subject of thia memoir, called The Swintotu 
of that Jlk. In that volume the family, and the history of the 
descent of their estates, as well as of ^ collateral hranchea, are 
veiy dearly deduced, and as a pie(» of historical reading it is 
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interesting and even amuaing. It Ht&rtB aboat the thirteenth 
centnry, and brings the narrstiTe down thiongh moie than a Bcoie 
of deecentB to comparatively recent times. There were members of 
the family to be found in all positions which the well-bom Scot 
frequented or patroniaed in those days. There were Swintons in 
the Bimy and in the iwTy, at the Scottish bar and on the Seottisli 
bench, in the French Qaard, and in the historic feuds and frays 
of theii borderland. Scott mentions the chief of the Swintons as 
engaged io the battle of Otterbum— 

" Wliea Swiuton laid his lsiic« in rest, 

Which tamed of jore tbs aporkliiig crest 

Of CUreoce's PUatageuet" 

One could construct an interestisg paper out of the materials con- 
tained in this volnme. Soma of the passages are marked by a cerbun 
grim humour. One of the most eccentric of the Swintons, who ore 
commemorated and passed in array in this volume, is one John 
Swinton of Swinton, who flourished, if he could be said to flouzish, 
during the Commonwealth and the subsequent troubles. A strong, 
self-willed, and restless man, who fouf^t and did not fight, now 
with the CoTenanters and now with the Royalists, and at last, as 
he seemed to agree with nsitber, compromised matters by becoming 
a Qnaket, and undergoing many petsecntions in consequence. 
Among other -visitations he was attainted as a traitor, bnt the 
attainder was recalled in favoor of his son. He is said to have 
been high in the confidence of CromwelL John Swinton, the father 
of Mr Campbell Swinton, was descended from tbs fourth son of thia 
John Swinton of Swinton, named Archibald, who in his younger 
yeais had repaired to India, and on his ntnm purchased the eetato 
of Kimraerghame, which had belonged to a family of Hume. 

In 1829 the family estate of Swinton was sold, for the first time 
in 700 yeais. It was purchased by Mr George Swinton, one of 
the old bmily. John Swinton had been intouded for the Bar, 
but he nltimatety entered the army, and after his father's death 
in 1803, the estate of Kimmeighame having been sold by his 
father shortly before, purchased the estate of Bruadmeadows in 
Berwickshire. This he sold in 1825, and thereafter resided with 
bis family in Edinburgh in a house No. 16 Inverleith Place, which 
he had built for himself. He had two sons, of whom the subject of 
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the pieuat memoii was the elder, and Mvenl danghten. I lemem- 
ber, as a schoolboy of nine or ten years of age, seeing his mother, 
Mrs Swiaton, in my father's house in Northumberland Street, in 
Edinburgh, and being sin^larly impressed with her sweetness and 
charm of manner. She was a grand-daughter of Mure of Caldwell, 
and thus the two families, the Mures and the Swintons, were closely 
connected. Mm Swinton had come to spend the evening with my 
mother, and the tidings of her death a few days thereafter gave my 
susceptibilities a shock which I long remembered. 

Archibald Swinton, afterwards Archibald Campbell Swinton, the 
eldest son, was bom on 15th July 1812, and at the age of eight was 
sent to B prepaiatoiy school in Yorkshire, near Doncaster, of which 
the headmaster was a Dr Sharp, a scholar of some eminence. He 
was view of Doncaster, and the school over which he presided bad 
high reputation. Along with other pupils were the present Lord 
Orimthorpe and his two biotbera, Christopher and William Beckett 
Denison. Among the papers at Kimmerghame is a letter, dated 
15th January 1827, &om Dr Sharp to John Swintoa He writes as 
follows : — 

" No' pupils I ever had gave me more cordial mtisbction duriDg the time 
they were under my eve thui your sone, and It delighted me eitremely to 
receive n favonrable an acoount of their preeent proapecti. So far aa asddoity 
and applied indoatry oan prevail, Jameg, I know, will never be found deSoient; 
but Archie, if in abilities and qaickue«a of appreheneiou m much his superior, 
requites a little mora management to bring into fall emjdoynient those excel- 
lent powers of memory and understanding with which &te has endowed him — 
out Ceetar atU miUut need to be his maum here; and of this I feel sure, that 
no boy of hie own age can cope with him if Archie be not wanting to him- 
self 

Swinton remembered with gratitude and affection his life at 
Doncaster; and he was wont to describe the appearance of the 
Archbishop of York on bis way to Doncaster races, which it 
seems the archbishops were formerly sometimes in the habit of 
freqnentiug. He afterwards went for a short time to reside with a 
gentleman near Hitchin, but he doea not appear to have remained 
long there. The well-known school called the Edinburgh Academy 
was opened in 1824, and Swinton was sent to it in, I think, 1826. 
He ever afterwards took the warmest interest in its welfare, and 
was one of the Directors down to the day of his death. From 
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school he went to the TTnivetsity of Edinbnigh, and in the 
Hamanit; Cl^ae of Professor FiUans my acquaintance, or latba 
friendship, with him commenced, and it ooationed unbroken down 
to the end. A very bright, attractive, and able band they were, that 
contributioii from the new school Some made theii mark in the 
world thereafter. The most prominent of them were, in addition to 
Swinton hiinse]^ William Aytotm, the anthot of the Lays ofih» 
Cavaliera, and afterwards Profaeeor of Bhetoric in the Univendty of 
Edinburgh ; George Makgill of Kemback ; John Balfour Melville of 
Mount Melville ; and John Thomson Gordon, who was afterwaids 
Sheriff of Edinburgh. Archibald Campbell Tait, a cousin of 
Swinton'e, and the future Archbishop of Canterbury, waa his class- 
fellow at the Edinburgh Academy, but went to Glasgow University, 
though he afterwards rejoined the circle in the summer in the ranks 
of the debating club entitled the Classical Society. Among other 
comrades waa numbered a man of some subsequent reputation, osd 
quite as good company as any of them — Samuel Warren, the author 
of Ten Thousand a Yeas; He remained for two years among us, 
and then disappeared, but had not been long gone^ when the 
"Diary of a Late Phyeician " burst upon us. I do not know whether 
admiration or exasperation at our companion's aadd»i feme was 
the prevalent feeling ; we were indeed raised in out own esteem 
to have lived so near the rose, but ezssperated also by not having 
found him out But he was a man worth knowing, and we met 
elsewhere afterwards. 

The Classical Society was founded by a knot of students in the 
Latin Class in Edinburgh about the year 1827. Swinton, I tjtink, 
joined it during its second year. They were an unassuming but 
resolute band of students, who cultivated oratory under some dis- 
advantage in a dingy class-room of the old High School, by the 
light of a single tallow candle. It had been originally intended by 
the founders that the debates should be in Latin, but, after two or 
three attempts the efforta were too spasmodic to witness, and the 
vernacular was resumed. At the risk of some anticipation I must 
quote some lines from Swinton's pen on the origin of this primitive 
parliament, partly because they show the historian at his beet, and 
partly from their thorough fidelity. I am indebted to the family 
for the manuscript book which contains among others the perform- 
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ance from which I am abont to qQot«. Thm sings the clusic bard 
of onr fiiBt begiDDuigs in the Classical : — 

" Twin TBin to take the tatk &vm hutoi;'! p«^, 

And tell oat prognaa on &om yoath to ige ; 

Bat oft by fatore poets sliall be rang 

The time when e'en the Cluneal wu jcnng ; 

When cIohIj ranged on dneky bunchea nta 

The be»Td]e«a arbiten of Britfiiii'B f»t«, 

And, us to mook the dyinf; light of day. 

One tkllov candle ihed a flickering ray 

From off the desk whence not an hour before 

Cmsou had poured tlie tide of danic lore. 

That tallow candle wai an emblem fit 

Of those who used beneatli its ^ow to lit, — 

Poor, elow, uncertain, solitary, dim, 

Aa were the naaoent enetgiei of him 

Who, all nnteoght to plead a party's eanse, 

Glanced at the Chair, and thought he aaw the tawae ; 

Then trembling roae, and from hi* lip* jntt tent 

The old eiordinm, ' Mr Premdest' — 

Looked at hit notes, oongh'd, hemmed with thoaghtfol 6own, 

Looked at hit notes again, — and then ut down I" 
These lines are contained in an address written for a supper of 
the Classical Society several years afterwaids. The volome from 
which I quote contains many simitar performances. These were 
Uie days of the first Reform BilL Swintou was always a Tory of 
the bluest dye ; but be was the most liberal Tory I ever knew. He 
has some lines of kindly greeting to Ms classical opponents among 
the passages to which I have referred, and some very kindly lines 
addrened to myself. He bated "the bill, the whole bill, and 
nothing but. the bill," which was the Liberal cry in 1831, and he 
pleads that very laudable feeling in a letter which I had from him 
at the tims, in which be justified himself for having blown to atoms 
the only woodcock which he had seen in a day's grouse shooting. 
He said he bad the bill and the whole bill, but then he had nothing 
but the bill, the merit of which he did not see. 

There are in. this volume some very spirited lines in allusion to 
the French Revelation and the "tricolor," the last stanza of which 
is the following : — 

** For the red if the rebel'a appropriate hna. 
The blue, livid envy's foal stain, , 

And the white is pale terror that trembles to do 
The deeds the base heart can contain; 
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But tlie red roie of Bngl&nd, mnd Scotland's broirn heitli, 
Twined with Irelnud'i greta sluunrock we lee ; 
Thin let '■ bind them cloeer with lojaltiee tree, 
That 'a the tricalonr, BritAin, for thee. " 

This was pobliahed in Blaekwood'a Magaane, aod it is a very fair 
epecimeu of his power of VBraification. 

Swintou's career at the University was one of success. In 
ProfeasoT Pillans' class the most distin^n^hed part which . he 
played was in some tianalations from Uartial, foi which he gained 
a prize. They were considered to show very great ahilily, and th 
family were kind enough to send me a copy of this exercise hand- 
somely hound, which coutains prefixed to it an autograph letter 
from Sir Walter Scott in the following terms : — 

"Ht Dk^s Sib,— 

" On my retani from the coimtiy I found s prize eieiciH of 
tranaUtions from Martial from Mr Archibald, which I consider is my yonng 
friend whoM progr«as I admired so mnch while under Mr Williama. I 
heartily gire yon joy of hia proGcieDcj, which I think diaplaya command of 
both languages, and a fine taste beaides. 1 hope, my dear friend, that the 
young gentlemau will be a blessing to yon and all hia kin, which will arer 
give great satisfaction to yoois, affectionately and einceiely, 

"Waltsr Scott." 

These translations are full of spirit, and exhibit much power of 
language and command over metrical composition. There are a few 
other reisions contributed by Frofessor Aytoon, but on the whole 
the exercise speaks of proficiency ia the elegancies of the Latin 
UuguE^, as welt as in those of English verse. This was in the 
year 1829 ; he gained the medal in Professor Wilson's class in moral 
philosophy in 1831. The year 1830 he seems to have apent in 
attendance at Glasgow Uniyersity, and there he distiogaished 
himself not only in the classes, bnt in a debating club called the 
Atbeneum ; and at the close of that session a " College AUmm " was 
published, the contributors t« which were students of the year, and 
among the rest were Archibald Campbell Tatt, afterwards Archbishop 
of Canteihnry; Mr Page Selfe, who became Police Magistrate in 
London ; Swinton himself; and William Edm'onston Aytoun, whom I 
have already mentioned. This little volume also is dedicated to 
Sir Walter Scott, and the copy before me contains an autograph 
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letter from Sir Walter addiessed to Mr Campbell Swinton. He 
ends by saTtng : — 

" We are going to Atibotafoid, and fhtm thnioe to London, so can hudi; 
hops to we yon befote Bammer, but will be tlien delighted to see yon in the 
coDotty. Believe me, with respectful thinks to you »nd your enterpriring 
Mends, reiy much your futhfnl and aOectionate consin, 

"Waltbb Scott." 

I have already mentioned the late Arcbbiabop Tait, who studied 
at GlasgOT and Oxford. He never attended the Univeraity of Edin- 
bui^h, although he became a member of the ClaBsical Society. It 
had a anmmer Bession, and during tlkat period Tait attended the 
meetings, and took aji active part in its proceedings. 

In 1831 Swinton became a member of the Specnlatiye Society. 
His name appears in the volume entitled The History of the 
SptciiUUive Society, on page 321 ; and it appears that the esaaye 
which he contributed during the session were on " Municipal Law 
and Moral Science," on the " Stat« of European Politics at the 
Peace of Puis," on the " Causes which led to Buonaparte being 
declared Emperor of the French," and on the " lUae of the Middle 
Orders in EngUnd." In the course of his attendance at the Specu- 
lative he had occasion, of which he availed himself, to become well- 
informed as to current as well ae past historical and political ques- 
tions. Hie companions there wei^ among othera, the late Edward 
Horsman, M.P. for Stroud; David Mure, afterwards Lord Mure; 
James Crauf ard, afterwards Lord Ardmillan ; John Thomson Gordon, 
who became Sheriff of Edinburgh, a man of brilliant ability ; and 
George Makgill of Kembacb, whom I have already mentioned. 
The latter died early, but was one of the most acoomplished of 
the circle. 

At the Speculative, Swinton distinguished himself in a remarkable 
degree, and became a very finished speaker. His style of speaking 
was eminently calculated to be effective in a popolar assembly, such 
as the House of Commons. Hia flow of well-chosen language was 
something phenomenal. The difficulties which beset moat pnblic 
speakers, and which many of them never overcome, of hesitancy, 
and want of readiness of expression and of choice of words, he 
never experienced. The only criticism which conld be made upon 
his style was, that it wsa sometimes only too fluent — too unbroken; 
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but my own opmion is, that one session in the Houbb of Comroona 
would have placed him in the frout lank both of debaten and of 
orators in that august and fastidious assembly. Any redundancy 
and oopiousnees of expreaaion would have been checked and chastened 
by the controveTeial and critical natnre of the assembly itself, and 
his large and extensive knowledge of affairs and fond of cultivated 
intelligence would, I am satisfied, have raised him to great distinc- 
tion. He joined the bar of Scotland as an advocate in 183S. 

I should before have mentioned that for several years he had 
beea in the habit, daring the recess, of travelling, at first with a tatoi 
through &e Highlaods, and in 1828 and 1829 he took tonra on 
the Continent, viaitiDg i^rious places now familiar to tourists, but 
which at that time were not so easily aeoeesible as they have rince 
become. He went one year to France, another to SwitEetland, 
and another to Italy, and in many instances revisited the same 
scenes. In 1828 he had the gieat advantage of travelling under 
the superintendence of the late Bishop Terrot, himself an accom- 
plished scholar and a man of high intellectual attaiomenta and 
thonght. Profenor Aytoun was, in the earlier of theee toum, his 
travelling companion. 8winton continued these Continental wander- 
ings in many after years, and recounted his progress in journals 
written at the time. 

I may mention in passit^ that Swlnton's time was not altogether 
consumed either in the stndy of law or in politics. He waa a principal 
promoter of a Charade Company, composed of his own companions 
and intimates, who played with great acceptance and soooesB in 
various Edinburgh circles. Of these the late Cosmo Innes waa the 
principal manager, and Lord Xeaves and Angus Fletcher of Dnoans 
and Henry Jaidine, son of Sir Henry Jardine, as well as Aytonn 
and Swinton, were principal performeta. I find that in the diary 
which he kept some of these performances are noted from time to 
time — one in particular, I remember, which was acted at his father's 
house in Inverleith Place — a dramatised veision of Nieholat 
Niddehy, in which William Aytoun sustained the port, fint, of 
"Squeers," which he rendered admirably, and, secondly, of the 
" Infant Phenomenon," in which his attiie created an intrase 
sensation among the ladies of the audience. 

From 1833 down to 1862 Swinton devoted himself with great 
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eneigy and fair mcoess to his profeadon. Ha mod to go to the 
eiicnit at Olasgoir, and was engaged in Heveral criininftl trials of 
importance ; and before lie had been two yean at the Bu he rendered 
a gnat asrvioe to the piefeesioD in initisting a system of Reporto of 
Ciimioal Triala This deparbnent of law leporting had f^ea into 
decay, and, in fact, had not been syatematically pnnoed for many 
yean before. These reports oontiniied nnder his en perin tendance 
for seretal yean, and those irhich are published periodically now 
an substantially a oontinaation of the original work. I look upon 
this achievement as a veiy great boon to the science of criminal law ; 
and if he had done nothing else in his cateer, Bwintou wonld have 
deasrved to be hononrad and remembered in the profession. He 
oontinned to conduct these nports down to the end of 1841. He 
alao edited and pnblished aepaiate reports of two celebrated criminal 
fanala before the High Court of Justiciary — that of the Cotton- 
■pinnen in 1839, who were tried for conapiiaoy, and of the Claimant 
of the Stirling peraage, in 1689. 

He had many qualifications for his pntfesaion, even apart from 
his great power of eloquence and rsasonisg. He had great 
aeaidnity, was npid ia his conceptions, had a clear brain, and 
a lucid power of expression, and, in short, hod the proepect, at 
this timc^ of rising to diatinctioa as a pleader. Pate, however, 
I do not say maliciously, but nnfortnnatoly for his opportnnities 
of practice, interposed two obstacles. The first was that in 1842, 
on a vacancy ocenrring in the Civil Law professorship in the 
University, he was induced to offer himself as a candidate, and 
was lucoessfuL From 1842 to 1862 he held that important office, - 
coming to it at a very early ag& I believe that a more efficient 
professor never sat in a legal Chair ; and the many brilliant pupils 
who came from his olass to practise at tiie Bar, remembered with 
uniform satis&ction the clear, lucid, powerfol expositions which 
(hey heard from him in his lectures. It is not easy to be an effective 
professor of law. The subject is one so entirely different from any- 
thing to which the audience have been accustomed in their previous 
atndiee, that a professor must sympathise very thoroughly with the 
prevalent cast of thought on the part of the students, before he can 
command their attention on such a theme. In this Mr Campbell 
Swinton was more successfol than most; but, then, profesiorahips 
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&nd prsctice Beldom have walked hand in hand. For Hiemu naentB 
the divided alliance. She is an ioezoiable mistrMB ; and onles 
her Tobuy feels that ehe ia all i a all to him, rarely beatowa her 
favonra. In other and plainer words, a man seldom succeeds in 
lisiiig to important practice at the Bar if he has anything else to do. 
A aecond obstacle — ^not one to be r^^ted certainly, but still 
tending in the same direction — interposed itself before lon^ The 
estate of Kimmerghame, of which I have already spoken, came into 
market in 1846, and was porchased by his annt^ Miss Campbell of 
Blythswood, who, I think, was a sister of his grandmother. Miss 
Campbell had indicst«d her intention to Campbell Swinton's htber, 
Mr John Swinton, of settling this old family property upon himself 
and his son. She died in ISfiO, and Ui John Swinton conseqnently 
succeeded to the estate. This, as I hare said, formed another 
obstacle, or distraction at any rate, in the progress of his legal prac- 
tice, for a man cannot be both a country gentleman and a lawyer in 
large practice — at least if he reeides on his property and does bis 
duty to his peopla There are exceptions, of course, to this, bat 
there is no doubt that an independent income from landed estate is 
not in faroor of an advocate obtaining a large share of practice at 
the Bar. 

From 1860 to 1860 this estate of Kimmerghame occupied a good 
deal of such opportunities as he had of leaving Edinburgh. Being 
now independent, or with the prospect of independence in his 
circnmstancee, he b^an to think of entering Failiameut, and in 
18S2 he contested the Haddington burghs against Sir Heniy 
Fsiguson Davie, but without Buccess. In the meantime a new 
house had been planned and was in course of erection on the estate 
of Kimmergbame, and this was a subject of great intoeet, and 
occupied a considerable portion of bis attention. I find that in his 
diary he notes in 1856 that he has spent a great deal of time at 
Kimmerghame in the coarse of that year. It was nnfortonato f<«- 
Swinton himself, and for his reputation as an oiatoc and a politidan, 
that the Conservative party were at that time little in favour in tiie 
Scottish eonstituencies. For my own part, I have always regretted 
exceedingly that the House of Commons had not had the benefit of 
so energetic, so thoroughly equipped, and so able a member, because 
he added to very large acquiiemente in point of literature a thorough 
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knowledge of legal principle, and a thorougli acquaintance with tlie 
wants of the mial population. When the QoTemment of Lord 
I^menton waa turned out in 1858, 1 find a memorandum in hia 
diaiy to the effect that he had been employed to go to London to 
help Chnrles Baillie in carrying a Beform Bill Charles Baillie was 
the Lord Advocate under Lord Derby's OoTemment of that year, 
and Swintou makee a notandum in his diary with the melancholy 
remark that this vss rather against his conscience. However, the 
QoTemment were defeated, and Lord Palmerston's Cabinet of 1660 
lasted for many yearn. 

Notwithstanding his early inroada into periodical literature, I 
have not been able to trace Mr Swinton's pen in later life in the 
current publications of the day, excepting in one instance. By the 
courtesy of Messrs Blackwood I hare been furnished with a copy of 
the number of their Maganne in which the only article contributed 
by Swintou appears. It is dated Febmary 1S37, and is entitled 
" A. Word in Season to Scottish ConservativeB." It is a good, 
hearty all-round challenge of all Whig doings and of all tbeir ways. 
It is not sparing of large words and strong opinions. It says, ' ' The 
Whigs were not four years in office withont afTording proof enough 
that if grasping nepotism, open violation of the most solemn pledges, 
and sel£sh clinging to place at whatever sacrifice, aie the character- 
istics of any political party, they are not ezclnsively at least tiie 
qualities of tbe Conservatives." But the perfervid strain of this 
performauce, which is sustained and v^rons throughout, had, like 
most things a possible history. Sir Bobert Peel had been elected 
Lord Bector of Glasgow University in January 1837. He was 
entertained to dinner by the citizens of Glasgow, and delivered a 
great oration on the I2tb of January. He was the guest of Blytha- 
wood during his stay at Glasgow, and rumour bad it that Swinton 
was daring that period at tbe service of tbe great statesman as 
temporary private secretary. From his family connection with 
Blythswood I think tbe legend is probable, and the intense ardour 
of the Blackwood article to a certain extent corroborates this view. 
But certainly I never beard him speak on the subject, although we 
were much together at that time, and probably if tbe mmour was 
true, the relations which he held to the great statesman were too 
confidential to be made tbe subject of gossip, 
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In DMTing the end of his academio careei I may mention one 
du^ for whicli Swinton was almoet uniformly selected by the 
SenatoB Acodemicos, that of presenting the caudidoitee for gradoa- 
tion. This was a task difficult and indeed irksome to most, for to 
speak of a number of men in sscoession vrithont tautology and 
without confusion ie not given to all. But Swinton's ready inspira- 
tion was always equal to the task. Daring his time Mi Olsdstoae 
was elected Lord Bector, and Loid Brougham Chancelloi of Edin- 
burgh UoiTereity in I860, and he took pert as usoal in theii instal- 
lation. But the happy tnms of expreteJon, and the gonial spirit in 
which he nuifotmly performed this task, whether tlie cuididato 
agreed or did not agree with his opinions, were the theme of uni- 
reisal adnmstion, and I never knew him faiL 

1862 was ^Le last year in which he retained his pontitm as pio- 
fessor. The estate of Kimmeighame, with the new house, made 
demands npon lus time and presence which he found incompatible 
with continning his exertions in his class, and consequeotly thus 
ended his career at the Bar. For the rest he was simply an intelli- 
gent, cultivated, and hardworking country gentleman. But before 
his departure he had the satisfaction of bsving a tribute paid to him 
by which he was not unnatnrally greatly gratified, and which of ita 
kind was, if not unprecedented, at least nnnsuaL In view of his 
approaching resignation of his Chair and departure from his reei- 
dence in Edinburgh, a number of his friends invited him to a 
semi-public dinner. Sir William Stirling-Maxwell of Eeir pre- 
sided, and Sir William Gibson-Craig was the croupier. There were 
present men of all opinions and of all political proclivities : several 
jadgee — inclnding the Lord Ju8tice-G«neral and the Lord Justice- 
Clerk, Lords Curriehill, Aidmillan, JHeB.vea, Jerviswoodc^ and Oimi- 
dale; Sir Hugh Campbell, Sir David Dnndss, Sir John Maijori- 
bonks, Mr Campbell of Blythswood, Mr David Mure, M.F., and a 
long list in addition. I have been allowed to consult a little volume 
containiDg not only the announcement of the dinner and a copy of 
the msnu and of the toasts, but a variety of private letters which 
the family received on the subject afterwards, expressive of the 
satisfaction with which the writers had regarded the proceedings of 
the evening. I shall not quote from these, but I had the pleasure 
of beii^ present myself, and I con only say that the tribute was a 
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most flattering one to Sirinton, and was excoedingly gratifying to 
faiB frienda. One featnie of the evening'B proceedings waa a song 
mitten for the occadoii by Lptd Neavee, of vhich I shall simply 
qnote one stanza ae ezpreasive of ita general character and bearing. 
The second stanza rans thus : — 

' ' He Aafh tb« gown, ha quit* the town, 
His aneient haunta he learei ; 
Henceforth hi* sphere will be to nH 
Good matton tnd &t beevei,' 
To sow and reap, to aell or keep 
His wheat or birle; iheaves, 
While, nd and alow, hie oomradei go 
iMuentiog, with Loid NetTce, 

That he '■ a country gentleman 

AU of the present time." 

And so from 1862 to 1890 he remained in great reputation and 
bononr, a countiy gentleman living on his own property and among 
his own people, consulted by all and snndiy, gentle and aimpUit 
whom his Tsrsatilit; and kisdlinesa attracted, and seldom or never 
in vain. His father died in the year 1867, bnt of conrse the great 
proportion of the labour which the estate implied had before fitll«k 
npon the dioolderB of Swinton. In his capacity of a conntiy 
aqnire he filled almost every position in local management which 
was open to him. His knowledge, qnicknese of apprehensbn, and 
urbanity of manner coosed bim to be consulted from oU quarters 
I^>oo all manner of snbjects. As I have already said, he eomlnned 
knowledge of country affairs with an amount of legal lore very 
•eldom combined with rustic puraoits. It would be impoaeiUe lot 
me to ennmento in detail the amonnt of willing work which he 
perfonned in thai capacity. He continued to be a member of the 
General Aseembly, was much in the confidence of the cleigy, and 
davotod a considerable portion of his time to the discbaige of tbeae 
dotiee. He was a member of the School Boards when they were 
first introduced, and indeed few of the parochial oi county institu* 
tiona were without his aasiBtance, He continued, as he had done 
during the greatei part of his life,' to aot as a Director of the Edin- 
burgh Academy, his »al for, and devotion to which had suffend 
no diminution. 

I have been furnished with memoranda from his diaries, which 
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he kept with cnnaiderable regolarity down to the last jean of his 
life, bat there are no salient featores of which I could take advantt^ 
in mch a notica as this. One only I would mention, and that is the 
marvelluas sweetness, kindliness, and generosity of the whole of 
these private notanda, as well as the reverential tone of his thoughts. 
Keen as he could be, and ardent in the pursuit of any principle to 
which he was attached — a man who never feared to apeak his mind, 
and generelly had a ver; decided mind to speak — there is not a 
tinge of acerbity to be found in him ; nothing but good fellowship 
and just appreciation, even of his opponents. I have been very 
much touched by that feature in his diary. Even when politics ran 
highest, there was not a drop of personal bitterness. The subjoined 
Uet, with which I have been favoured, shows the extent of his pnblic 
avocations: — 

Offices m CoHsscnos with ConuTT Bnawisa. 

A CommiMioneT of Snpply in 1849 — for the eorlint entry in tlia Hinnts- 

Books of tbe Coaaty of hit being preeent at > meeting of Commitaioiien 

of Supply ia at the meeting held in October 1860. 
Justice of tbe Peace, probably the same year, but no record eiists of mch 

appointment 
Chiirman of Committee appoiiited to carry oat Comminimitn at Snpply Act, 

18S7. 
Ghairmtn of Lands Valnetion Committee, ISGl. 
Chairman of Standing Committee of Middle District of Tampike Boada in 

Berwickshire, 1B62, on redgnation of his fatlier, John SwintOD. Con- 

tinned In tbit office until adoption of Boads and Bridges Act 
Fint Chairman of Middle District Bead Trustees nuder Boads and Bridgsa Act, 

1S82. 
Obaimiau of Police Committee of tbe Conn^ in 1871. 
Depnty- Lieutenant, 1S71 (Duke of Bozbnrghe, Iiord lieatsnant). 
Chairman of Iiocal Anthori^ ondsr the Contagions Diaeasea (Animala) Act, 

1879. 
Member of Prison Board. 
Member of Income-Tai Commissioners. 

These bodice have no atated Chdrman, bat, when present, Mr Swinton 
was usually appointed Chairman. 

(Mr Deas, writer, Duns, and at one time Clerk of the Peace, in sending 

list of above offices, remarks: — "He continoed to attend nearly every 

meeting of all these bodies from the oommencement until his retinmeBt 

In ISSS and 1884."} 

For many years Vice-Chainuaii, and afterwards Chairman, of the FsraoUal 

(Edrom) Board, and Chairman of the School Board of Edrom. 
For thirty-fire yean Bepiesentative Elder to the General Aaaembly from the 
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PretbTtery af Ddiu ; reajgned on Mttoant of bedth in 188i, h&Ting been 

unable to attend tbe AuembI; during Beaaion of 1S83. 
Border Conntiee Association. — Waa oae of the original memberB; elected • 

Tice-Fteflident when Association formed in ISSG ; elected President in 

1872 on rBtirament of Li>rd Jerriswoode ; ncdgned this office on acconnt 

of health in ISSl, and was then appointed one of the Patrons. 
Berwickshire Naturaliats' Clnb.— Became a member in 1881 ; elected President 

for the year in 1876. 
Sllem Fiahing Club.— Admitted member in ISSS ; Prese* in the jeora 1868, 

ISSe, and 1860. 
Ksmbsr of the Board of Uanufactures, Scotland, tot nearly twenty years, 

resigning Jannary IS88. 
Dinotor, Bank of Scotland, lSAl-1888. 
Connection with Universitj Court, Edinburgh (see Minute, November SI, 1887). 

Professor of CiTtl Law, 1812-1862 ; and since then m Assessor to two 

Buccessire Sectors for six years, as Chancellor's Assessor for fire years, and 

as a Member of the Court of Curators for sii years. 
" Long and intimate relation " with the Highland and Agricnltunl Socie^ of 

Scotland, Convener of Committee of District Shows, Director, Member of 

Council on Agricultural Education, and also of Veterinary and other 

Committees. 

Iti would seem from his joumala of bis travels abroad that for 
some of hia earlier years he was not in strong health ; bnt still he 
must have had a vigorous constitution, for he died in hia 78th 
year, Down to 1883, when he had paaaed tiie age of 70, apparently 
his activity and strength had known no diminution. In that year 
he had a sadden eeiznre, which next morning medical men pro- 
nounced to be of a paralytic nature. It was not eevera. I saw him 
the year after, and foond him in very good spirits, and regaining 
hie power of locomotion. He oontiuoed to improve till 1886, when 
unfortunately be met with a severe carriage accident, in which his 
coachman wae killed, and he himself so iiyuied that he never 
recoveied bis power of locomotion. He remained, however, fully 
alive to all that was going on round him, taking great interest both 
in the past and iu tbe present The end came unexpectedly, and be 
died on the 27th at !tfovember of last year. 

So ends my tale. It has been a mournfol, but to me a very 
pleasant tAsk, to recall the life of one with whom I was so intimate, 
and with whom, although we differed on almost all public questions, 
I retained the most friendly, amicable, and confidential relations to 
the end. He was a Mend worth cultivating, foi he took an interest 
in everything that was intelligent and refined ; a master himself of 
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moflt mteUectoal punnita, be had lew ol pedantry than any roan I 
ever knew. Always ready to r^oice with those that r^oiced, and 
to laugh with thoee that laughed. 

I feel very grat«fnl to the Society for allowing me thie oppor- 
tunity of relieving the overflow of nty very sincere affection, regard, 
and regret 

One word of poetscript in regard to his domeetic ralations. He 
married, in 1845, Eatherine Margaret, thiid danghter of Sir John 
Friugle of Stitchill, Bart She died in 1846, leaving a daughter, 
Katherine MargaieL In 1856 he married, secondly, Geor^na 
Caioline, third daughter of the late Sir George Sitwell <A Renishaw, 
Bart. Her mothet was a sister of the late Archbishop Tait By 
the last martiags were bom three eons and a daughter, all of whom, 
with their mother and the daughter of the first marriage, sacvive. 
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Jamee Leslie, G.-vil Engineer. 
(RMd Jutury 10, 1891.) 

Ur Leslie was bom at Laigo, Fifeehiie, in ISOl, and was tha 
son of Alexandei Leslie, Architect and Builder there. 

After receiving part of his education at the Pariah Sohoola of 
Largo and N'ewbum, and afterwarda at Mackay's Academy, Edin- 
burgh, he attended the Edinbargh Unireisity for three years, hia 
tmcle, afterwards Sir John Leslie, being then FrofaBsoi of Mathe- 
matics there. In 1818 he -wob apprenticed to Mr W. H. Flayfair, 
the well-known architect, who was at that time engaged in the 
erection of the Edinburgh Univeinty buildings, and remained with 
him till 1824. Although Mr Leslie did not follow np the pro- 
fession of an architect, his early ttaining in this line enabled him 
from time to time to fnmiah with acceptance designs for public 
buildings, the most important of which are the Custom House at 
Dundee and Wood's Hospital at Largo. 

Mr Leslie early turned his attention to engimering, and in 1824 
be was taken into the ofGce of Messrs O. & J. B«nnie, CiTil 
Engineers, London, with whom he remained about four years. 
Dnring that time he was engaged at the building of Loudon Bridge 
and also the bridge over ttie Serpentine iu Hyde Park, and also with 
works in counection with Bheemess Docks, Plymouth Breakwater, 
the West India Docks, and other extensive and important works. 

In 1828 Mr Leslie was appointed by the Leith Dock and 
Harbour Commissioners Clerk of Works to cany out, under the 
direction of Mr Chapman, C.E., Newcastle, the extension of tha 
East Pier of Leith, and he was subsequently employed by the Savj 
Board to sopeiintend the construction of the West Breakwater there, 
also designed by Mr Chapman. 

In 1833 he was appointed Besident Engineer for the Dundee 
Harhont Works, and almost dmultaneonaiy he was elected to a 
nmilar post at Sunderland, which of course he could not accept. He 
temoiued at Dundee till 1846, and while there, along with many 
other important works, he carried out &6 construction of the Earl 
Orey's Dock ftom Hie designs of Mr John Qibb of j 
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While at Dundee Mr Leslie carried out a fmtlieT extension of the 
£aat "Pier of Leith, and designed and executed the Wet Dock at 
Montnwe and Harbour Works at Arbroath, Kirkcaldy, and varioOB 
other places. He also constructed locks foi the Monkland Canal, 
Olaagov, and built a handsome bridge acroea the Biret Leveo 
in Fife. 

Id conjunction with Mr Jardine, the engineer of the Edinboish 
Water Works, he in 1836 prepared the first w&ter scheme for 
supplying Dundee from the Monikie District. 

In 1816 Mr Leslie removed to Edinburgh, and ehortly after that 
he succeeded Mr Jardine sa engineer to the Edinburgh Water 
Company. In 1849-60 he designed and carried ont a plan for 
taking empty boate afloat up an inclined plane at Blackhill, for 
tJie Monkland Canal, Glasgow, thereby saving both time, labour, 
and much water, aa compared with the nsual method of lockaf^ 
In 1852 Mr Lealle, in connection with Mr J. M. Bendel and Mr 
Mackain, was engineer for a scheme for supplying Glasgow with 
watoz from Loch Lnbnaig, for the Glasgow Water Company. This 
Bchetne, however, did not pass, having been keenly opposed by tha 
Corporation of Glasgow, whp ehortly after that took over the 
control of the Water Works from the Company. 

The first of the more importast wo^s carried out by Mr Leslie, 
after his appointment as engineer to the Edinburgh Water Com- 
pany, was the oonstmction of the Toiduff, Clubbiedean, Bonally, 
and Lc^anlea Keservoirs, and the heightening of the embankment 
of the Glencorse Beservoir. 

In 1856, under Mr Leelie's care, the BUI for appropriating the 
Colzium Springs was earned through Fariiament, and under ite 
provisions the Harperrig Beservoir, for providing oompenBation to 
tha Water of Leith, was constructed ; and in 1663 a further supply 
was introduced under his superintendence from the Croaswood 



In 1870, when the Corporation of Edinhui^h took over the 
busmeae of the Water Company, the newly-constituted Water 
Trust elected Mr Leslie consulting engineer, and at the same time 
appointed Mr J. W, Stewart resident engineer. Mr Leslie was 
instructed to report on all the available sources of additional supply 
for the city, which had already been reported on by Mr Stewart, 
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and the Trustees having received this report, again adopted the St 
Mary'a Loch Scheme, vhich had previously heen thrown out on 
Standing Orders in 1869, and again instructed Mr Stewart to pre- 
pare the necessary plana for Partiament. Differing from Mr Stewart 
as to the probable cont, Mr Leslie refosed to allow his name to 
appear ae engineer of the echeme; and after having been keenly 
fon^t in both Houses of Parliament, the St Mary's Loch Scheme 
was rejected by the Committee of the House of Lords. 

After the next municipal elections, Mr Leslie was appointed sole 
engineer of the Water Trust, and in 1 873 he, along with Mr Thomas 
Hawksley, C.E., London, was Instructed to report as to the best 
means of obtaining additional supplies for Edinburgh. They issued 
a joint report^ recommending that the necessary additional snppUea 
for the city should be obtained from the Moorfoot Hills, and this 
scheme having been approved of by a plebiscitum of the citizens, 
ttie Bill was passed by Parliament during the following year, and 
nnder it an additional supply of over eight million gallons per day 
vas obtained. 

Mr Leslie was also engineer of the Lintrathen Water Scheme, by 
which Dundee obtained an additional supply of eight million 
gallons per day. He was connected with the improvement works 
of most of the towns of Scotland, and acted in conjunction with 
his partners as engineer for the Water Supply of Paisley, Berwick- 
on-Tweed, Dunbar, Peterhead, Galashiels, and many other import- 
ant placea He was also engineer for various harbour works, in- 
cluding those of ICasdale, Stranraer, and West Wemyss. 

Mr Leslie had a reputation as an engineer which was not con- 
fined to this country, his advice having been sought in regard to 
extensive reclamation works at Bilbao, in Spain, and also as to the 
construction of floating docks at Cadiz. He was also consnlted by 
the Indian Oovemroent as to the improvement of the navigation of 
the River Godavery by means of inclined planes, on the principle 
formerly adopted by him on the Monkland Canal. 

In 1862 Mr Leslie was appointed by the Home Office, along with 
Messia W. Ffenuell and Frederick Eden, a Scottish Salmon Fishery 
Comminioner, an office which he held until the institution of the 
present Scottish Fishery Board ia 1882. The duties of the Commis- 
sioners were to fix the boundaries of the districts of eveiy salmon river 
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in Soottaud, ilie divisiona between the upper and lower pioprietora, 
and the limits of the variona eetaariea, and also to fcame bye-laws 
f 01 the regulation of the fisheriee. Mnch of this work was not only 
difficult, bat involved no small amount of fatigue, and even hard- 
phip, the greater part of it having to be execnted in winter, and in 
great haste, and often in very inacceasible diatricts, and withont the 
assistance of reliable maps. Mr Leslie's sound knowledge on all 
engineering matteTS, and his acknowledged int^iiitf, led to his 
being frequently employed aa an arbitrator in importaat casee of 
dispute, both in Scotland and elaewhere. 

About the time of the " Railway Mania " Mr Leslie was a good 
deal engaged in this Hue of bosiness, and although he was engineer 
for sevend projected schemes, he never followed it up, but jaofened 
to remtun associated with water and harbour works, 

Mr Leslie was a man of very vigorous conatitution, and until ha 
had tiie misfortune to break his leg by a carriage accidents which 
occurred about ten years before Ma death, he waa capable of endur- 
ing great fatigue. He continued engineer to the Edinburgh Water 
Trust until his death, he having in 1870 aaaociated with himself in 
partnership bis son, Alexander Leslie, and shortly afterwards hia 
son-in-law, Mr K. C. Beid. 

Mr Leslie was connected with the Institution of Civil Engineers, 
London, for more than half a century, having been admitted aa a 
member in 1833. He was elected a fellow of this Society in 1858, 
and he also belonged to various other learned societies in £din> 
burgh and eLaewhere, including the Meteorological Society of Scot- 
land, in which he continued to the last to take a deep inteieaL 

A man of generous disposition, Mr Leslie was a liberal subecribw 
to every public purpose that approved itself te him, and ha gave 
largely to chariteble inatitutiona and also to private wants. 

In apite of his serious accident, he continued daily to take 
exercise, though with much difGculty. He was, however, entirely 
confined to bed for the last six months of his life, and endured no 
small amount of sufforiuf^ which he bore with patience and even 
cheerfolDeaa. He died on the 29th of December 18S9, in the 89th 
year of hia age. 
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ProfeaeoF Oosmo Innee Burton. 
By William Marshall, Esq. 

(BeiulJaljSd, ISSl.) 

By the death of Cosmo limes Burton the Society has lost one of 
the most promising of its younger Fellows. His loss is keenly 
felt, not only among his large circle of friends, but by many who, 
thoagh they did not know him personally, hod come under his 
influence as a teacher, and had learned his worth. The following 
short sketch of his life will show better than anything else the 
untiring energy, perseverance, and devotion to science by which he 
was characterised : — 

Mr Burton was bom in 1862, and was the yotmger son of John 
Hill Burton, the well-known historian, from whom he inherited 
much of his originality of thought and dry homout. He b^a the 
study of science in 1879, attending the classes necsssary for the 
Science Degree in the Unirersity of Edinburgh, where he graduated 
as Bachelor of Science in 1884, During his University course be 
distinguished himself by winning the Neil-Amott Prize in Physics 
in 1681, and the Hope Prize in Chemistry in 1885. The winter of 
1882-63 was spent in Munich, where he studied under Professor 
Ealenmeyer. From Munioh he went to Paris, where for nine 
months he vorked in the laboratories of Professor Wurtz. While 
there he assisted the late Profeseoi Henninger in his researches on 
Erythrite, and Professor Hanriot in bis inveslagstions on Stiyohnine 
and the Compounds of Glycerine. 

In 1685 Mr Burton received the appointment of Assistant to 
Professor Japp, F.R.S., at the Normal School of Science, London, 
with whom he published jointly several papers, which appeared in 
the Pmeeedinga of the Chemical Soeieljf. 

About this time the Town Council of Edinburgh was making an 
inquiry into the state of ventilation in the Board Schools and Public 
Buildings in the city, and Mr Burton was asked to undertake the 
analysis of the air in connection with this investigation. The 
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rBBDlta of his extendve and elaborate series of obfierrations ue 
published in the Minutes of the Town Council for 1888. 

During the winters of 1888-89 he acted as Class Asaietant to 
ProfeaaoT Purdie of the University of St Andrews, and at the Kime 
time made eome experiments on the presence of iodine in sea- 
water. 

The UniTereity Extension Scheme found in Mr Burton one of its 
most ardent and hard-working supporters ; and the namerouB courses 
of lectures he gave in variouB places were sufficient proof that hie 
support was of a most practical nature. It was while engaged is 
this work that he received the appointment of Profesaor of Chemistiy 
in the Technical School of Shanghiu — a post which was quite after 
his own mind. There he felt he would he untrammelled by trsdi- 
tiona or examination refill lotions, and could teat in practice his 
ideas and theories regarding the teaching of science. Fall of hope 
and enthnuaam, he went out with his young wife in the early 
summer of last year, only to be struck down by a short and fatal 
illness three months after his arrival, and jost as he was about to 
start his work, and everything seemed to point to a bright and 
prosperous future. He died of malignant smallpox on the Slat of 
October 1890. 

Mr Burton's tendencies had always been in a scientific direction, 
but he bad no great liking for conventional methods and programmes 
in the teaching of science. He had a rooted dislike to empiricism, 
preferring to generalise rather than to particularise, which tendency 
was clearly observable in his work. His style of expressioD was 
terse and clear, and this, along with his skill in experiment^ made 
bim an attractive lecturer. He was nothing if not practical. He 
had a strong sympathy with the working classes, and conducted 
a most successful course of lectures to working men in Sdinhu^h. 
Shortly before leaving for China he was engaged, in conjnncttoa 
with his friend Mr Marshall, in a research on the effects of com- 
pression on solids and liquids, the results of which were embodied 
in a paper recently read before the Boyal Society of London. 

This brief summary may suffice to show what we have lost >a a 
scientist— a man thorough in all that he did, full of ideas a^pied 
out on a sound basis, and, above all, devoted to his work. At the 
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very outset, a career which promised bo much has beea cnt off. 
What WB hare lost as a friend not a few are but too well aware, 
and it is not bo eaay to tell. Little did we think when we said 
good-bje to him on his departure for China that we had hidden 
farewell for ever to one who was the best of comrades and traest of 
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